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ABSTRACT
This study examined the impact of time of day of testing and subjectively 
measured daytime sleepiness and nighttime sleep on memory performance in adults with 
multiple sclerosis (MS) and in unimpaired adults. Thirty-four multiple sclerosis subjects 
(a.m.; N=17 and p.m.; N=17) and forty controls (a.m.; N=16 and p.m.; N=24) were 
assessed using the Logical Memory, Visual Reproductions, and Digit Span subtests of the 
Weschler Memory Scale-Ill, California Verbal Learning Test, and several questionnaires 
about mood, sleep, and physical symptoms. The primary result of this study was the 
absence of significant differences between the multiple sclerosis participants and controls 
on many of the neuropsychological tests. A possible explanation for the absence of 
findings may be related to all of our multiple sclerosis participants being high functioning 
in that they transported themselves to the lab for testing. The literature suggests it is 
common to not find glaring differences between multiple sclerosis participants and 
controls across many neuropsychological tasks. Additionally, daytime and nighttime 
sleep factors were not found to be significant factors in this study. Future research should 
continue to look at time of day factors related to multiple sclerosis in an attempt to 
optimally and accurately test individuals with this disabling disease. Limitations and 




Overview of Multiple Sclerosis 
What is Multiple Sclerosis?
Multiple Sclerosis is the most common demyelinating autoimmune disease of the 
central nervous system in the United States. MS is a non-traumatic neurological disease 
(Godoy, et al., 1996). Multiple sclerosis was found as early as the mid 1300’s. However, 
the first clinical publications were not done until 1835 in France and England (Waksman, 
Reingold, & Reynolds, 1987). Multiple sclerosis often begins between the ages of 15 and 
45 and is characterized by recurring attacks (exacerbations) and improvements 
(remissions). The average age of onset is 32 (Paty, Poser, & Schapiro, 1989), while the 
peak age of onset is between 20 and 40 years of age (Slater & Yearwood, 1980).
Although it is rare for children or the elderly to have multiple sclerosis, it is possible. 
Multiple sclerosis may be thought to be a horribly debilitating or fatal disease; however, 
the average lifespan for a person with multiple sclerosis is at least 75% of normal life 
expectancy. Most multiple sclerosis patients live an average of 30 years after initial onset 
of the disease, however, premature death is possible from complicating infections that 
may occur (Waksman, et al., 1987).
How Does Multiple Sclerosis Start?
As mentioned above, multiple sclerosis is a demyelination of many of the millions
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of nerve cells within the body. To further clarify what this disease affects; one must 
understand the biological makeup of the nerve cells. Each nerve cell has a cell body in 
which there are thread-like projections extending from it, the dendrites and axon. The 
dendrites transmit impulses from other cells towards the cell body, whereas the axons 
conduct impulses away from the cell body. All nerve fibers are in close contact with the 
cell bodies or dendrites of surrounding nerve cells via synapses. Electrical impulses 
travel along the axons and dendrites and jump across the synapses to facilitate 
communication between differing body areas. The myelin is the fatty substance produced 
in the brain by oligodendrocytes, which insulate and facilitate the speed of the nerve 
impulses of the nerve fibers. The nerve fibers serve as communication devices between 
the central nervous system (CNS) and the muscles, glands, and sense organs of the body.
Multiple Sclerosis causes patchy inflammation in which the destruction of the insulation 
of the nerve fibers, the myelin, takes place. The symptoms of multiple sclerosis are 
resultant of the improper firing of the demyelinated nerve cells, which results in a short- 
circuiting of impulses to and from specific regions of the brain. This short-circuiting 
results in erratic messages being sent and major miscommunications between the brain 
and the body. As multiple sclerosis progresses, the demyelination progresses and more 
symptoms can be seen.
At present, there is no known single factor that causes multiple sclerosis. It has 
been suggested that onset of this disease is “triggered by an unknown exogenous agent” 
(Prat & Martin, 2002) that leads to an autoimmune reaction where the individual’s 
immune system begins to attack the myelin. It has been shown that once the immune
system attacks the myelin, hard patches of debris are left behind called sclerotic plaques
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(Carlson, 1995). A typical plaque begins near a small blood vessel and two types of 
processes can be seen. Initially, the inflammation or demyelination affects a few short 
nerve fibers and then the surrounding myelin begins to loosen and fragment. After this 
has begun, the oligodendroglia disappears as well. At the same time, three types of white 
blood cells invade the tissue from the blood vessel within the plaque. They are 
lymphocytes, components of the immune system, plasma cells, which make antibodies, 
and macrophages, natural killer cells that attack and destroy foreign cells. The presence 
of these three cells signal that an autoimmune response has begun. Simultaneously, there 
is a leakage of cellular fluid from the cell, which may play some role in the destruction of 
the myelin (Waksman, et al., 1987). This debris then interrupts normal neuronal 
transmission (Carlson, 1995). Other researchers have suggested that an infectious agent 
may weaken the blood-brain barrier, allowing myelin protein into the general circulation 
system, which results in the immune system building a sensitization to it (Carlson, 1995). 
However, there could still be an unknown ultimate triggering event that causes multiple 
sclerosis, such as environmental toxins or genetic transmission.
Once the plaque has formed, it continues to grow, new plaques are formed, and 
adjoining plaques may join. Over time, the plaques become scars and destroy more and 
more surrounding tissue. In older plaque, there is a disappearance of lymphocytes, white 
blood cells, remnants of myelin, and inflammatory fluids. This created space is filled by 
astrocytes, which continually produce the fibers of the scar tissue. Due to the loss of 
oligodendrocytes, multiple sclerosis patients experience limited regeneration of myelin. 
However, even with limited myelin, multiple sclerosis patients can still send and receive 
information via nerve fibers. Interestingly, multiple sclerosis does not affect the actual
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nerve fiber so messages can still be sent to and from the brain, however with no myelin, 
messages can be blocked, interrupted, and simply they can take longer to reach their 
destination (Waksman, et al., 1987).
Who Gels Multiple Sclerosis?
Multiple sclerosis is most common in the areas of the globe further from the 
equator. It is highly prevalent in Northern Europe (1/1,000) and less common in North 
America (10-40/ 100,000). It is also very rare in Japan, S. Africa, and tropical countries 
(Pavlou, 1979). Migration studies have been done that have shown interesting results of 
this latitudinal effect. Studies show that place of birth is more important than later life 
residence in risk of developing multiple sclerosis. Research has shown that if one were to 
move from a low-risk area to a high-risk area in late childhood or early adolescence, his 
or her risk of developing multiple sclerosis would increase. The opposite has also been 
shown from high to low-risk areas (Waksman, et al., 1987; Slater & Yearwood, 1980).
There is little evidence that there is a genetic component to MS, although one is at 
a greater risk if a blood relative has the diagnosis. There is a 3-5% chance of a child 
developing MS if a blood relative has the diagnosis (Paty, Poser, & Schapiro, 1989). 
Some evidence for a genetic factor as a contributing cause of MS comes from research on 
racial groups. Some groups do not get multiple sclerosis at all, including but not limited 
to, the Eskimos and Yakuts of Siberia and the Bantus in Africa. Multiple sclerosis has 
been found to occur more commonly in Caucasians than in African Americans and 
Native Americans (Pavlou, 1979). There may be a tendency for multiple sclerosis to 
have a genetic inheritable predisposition component, although parents do not always 
transmit MS on to their children (Slater & Yearwood, 1980). There is about a 12-15
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times greater risk for brothers and sisters of multiple sclerosis patients to contract the 
disease than would the general population (Waksman, et al., 1987). It is strongly possible 
that a genetic predisposition is passed on within the families of multiple sclerosis 
patients, which includes a gene susceptible to a specific environmental factor (Waksman, 
et al., 1987), infection or by one or more “slow-acting” viruses (Slater & Yearwood, 
1980).
There is a higher report of multiple sclerosis for females (2:1) than males, but the 
reliability of this gender difference has been questioned (Waksman, et al., 1987; Sibley, 
et al., 1984; Paty, Poser, & Schapiro, 1989). Some argue that gender differences could 
result from social factors such that MS is considered a different problem for males or that 
it is very underreported in males.
To conclude the external causative factor possibilities, studies have shown that 
multiple sclerosis does not appear to be related to poverty or affluence (Waksman, et al., 
1987). Over the years, some have thought that stress; traumatic injury, pregnancy, acute 
viral infections, general fatigue, or emotional problems are precursors to multiple 
sclerosis (Waksman, et al., 1987), although this has not always been the case. This is a 
typical correlational dilemma, although you had one before the other, did the prior injury 
necessarily cause the multiple sclerosis. Researchers typically are not quick to jump on 
that bandwagon and instead propose that multiple sclerosis may lie latent in the nervous 
system for decades before any symptomatology is present and the triggering factor may 
never be known (Waksman, et al., 1987; Pavlou, 1979).
Presenting Symptoms
Multiple sclerosis symptoms can go unnoticed for a short time, but typically the
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disease begins with the rapid development of a single problem over a short period of 
time. Multiple sclerosis often starts simply with one symptom. Most often the first 
symptoms seen are visual blurring (30% of cases), weakness in the upper or lower limbs 
(50% of cases), or numbness (10%) (Waksman, et ah, 1987). The initial symptoms can 
disappear but may reoccur months or years later along with other symptoms (Paty, Poser, 
Schapiro, 1989). Often times, multiple sclerosis patients can find retrospective symptoms 
when they look for them (Slater & Yearwood, 1980). It is also common for multiple 
sclerosis patients to experience periods of exacerbations, which are increases in 
symptoms or severity and remissions, where they exhibit lessened or a complete absence 
of symptoms (Sibley, 1984; Waksman, et al., 1987).
A specific characteristic of multiple sclerosis is the presence of clinical symptoms 
affecting several different sensory or motor functions of the CNS indicating multiple sites 
of damage. Multiple sclerosis is a disease in which nerve fibers lose their normal ability 
to conduct impulses although the cells actually remain intact. Multiple sclerosis affects 
multiple scattered sites within the CNS, which leads to symptoms that are also distributed 
along several functionality sites (Paty et ah, 1989).
Symptomatology
Difficulties within multiple sclerosis patients are definitely individualized. The
average age of initial symptoms for multiple sclerosis is usually 29-39 and they are as
follows: weakness of one or both legs; numbness and tingling of hands or feet (not due to
incorrect sitting or overuse); muscle spasticity; gait disturbances/ataxia; coordination
disturbances; visual problems such as diplopia or loss of vision in one or both eyes not
due to overuse of eyedrops; sexual problems, including impotence; speech disturbances
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including dysarthria related to tongue muscle problems; mental changes, including 
memory loss and cognitive slowing; sensory loss, such as facial numbness; vertigo; 
urinary frequency, urgency, and/or incontinence; and L’Hermitte’s symptoms, which is a 
buzzing sensation similar to an electric shock running down the spine to the extremities 
when one’s head is flexed forward with the chin touching the chest (Pavlou, 1979; Paty, 
Poser, & Schapiro, 1989; Wacksman, et al., 1987; Thompson, Polman, & Hohlfeld,
1997).
Not all multiple sclerosis patients experience all of the symptoms. Typically, 
multiple sclerosis patients do experience some form of muscular weakness, paralysis, or 
incoordination over the course of the disease. There are also some common difficulties in 
speech that can accompany severe forms of multiple sclerosis, but is uncommon in mild 
or moderate cases. Problems with articulation may develop in which a slurring occurs 
due to the demyelination of facial muscles and the vocal musculature versus a loss of 
actual speaking ability via damage to vocal cords.
One of the major sensory symptoms affected by this disease is a numbness or 
tingling in the limbs and face. This results in numbness or a loss of kinesthetic ability. 
However, most often the multiple sclerosis patient does not lose full sensation. They can 
still experience pain, heat, cold, and some touch. These types of symptoms are the result 
of the demyelination in the CNS pathway that connects the peripheral sensory receptors 
to the brain (Paty, Poser, & Schapiro, 1989).
Also, multiple sclerosis patients often experience muscle weakness specifically in
the foot dorsiflexors, hip flexors, extensors of the elbow, and wrist dorsiflexors (Paty, et
al., 1989). These areas of weakness explain the visual symptoms seen by others, which
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include stumbling, gait, or walking difficulties.
The optic nerve is a frequent site of demyelination in multiple sclerosis, which 
leads to several visual problems. These problems usually show up early in the progress 
of the disease. The multiple sclerosis patient may experience optic neuritis where a loss 
of visual acuity, ocular pain, and red-green blindness can occur (Paty, et al., 1989). They 
may also experience some blindness, nystagmus, and double vision to name a few. Some 
diagnostic signs of multiple sclerosis include retrobulbar neuritis, internuclear 
ophthalmoplegia, and slow adduction of both eyes. The most common visual difficulties 
are optic neuritis and/or retrobulbar optic neuritis. Optic neuritis results from plaques 
forming on the optic nerve, which results in blurred vision. Retrobulbar optic neuritis 
results in significantly reduced vision and pain on eye movement (Rollins, 1986). If this 
difficulty is diagnosed, approximately 20-50% of the cases will result in a diagnosis of 
multiple sclerosis (Paty, et al., 1989). Visual symptoms may seem more affected via 
reports from multiple sclerosis patients, but this may simply be due to it being much more 
easy to detect visual changes than a change in muscle weakness (Rollins, 1986).
Often one symptom of multiple sclerosis, the useless hand sign can be very telling 
of the disorder. This symptom is less typical in multiple sclerosis, but also happens to be 
very specific to this disease. Useless hand sign is characterized by patient complaints of 
one hand not functioning properly or that his/her handwriting is becoming illegible (Paty, 
et al., 1989; Wacksman, et al., 1987).
Multiple sclerosis patients may also experience sexual dysfunction. Specifically, 
men with multiple sclerosis may be experience both organic and psychogenic impotence 
later in the course of the disease (Paty, et al., 1989).
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Multiple sclerosis patients may also experience bladder and bowel control 
difficulties. Urinary urgency and frequency are the two most common autonomic motor 
problems of multiple sclerosis. These symptoms are present in about 5% of the initial 
symptomatology and often times are painless in the early stages of the disease (Paty, et 
al., 1989).
L’Hermitte’s symptom is also very common in multiple sclerosis patients. This 
symptom involves a paresthesia resembling an electrical shock, which occurs with a 
forward flexion of the head, lasting only an instant, but recurring with each head flexion 
(Sibley, 1990). This symptom is indicative of a lesion in the posterior cervical spinal 
cord and may also be noted with tumors, arthritis, and osteoporosis (Paty, Poser, & 
Schapiro, 1989).
What Functions Are Spared?
Not all systems are affected by multiple sclerosis. Specifically, the peripheral 
nervous system goes untouched as does the endocrine control, autonomic functions 
(heartbeat, respiration, etc.), hearing is rarely impaired, epileptic signs and seizures are 
rare (if they do occur, they are usually tonic-clonic-brief and easily controlled) (Paty, et 
ah, 1989), speech is excellent except in unusual cases, and social judgment is unaffected.
Mental function is most often spared within multiple sclerosis. This diagnosis 
would be classified as a biological disease with psychological complications, 
ramifications, and consequences. 40-60% of MS patients will perform on memory tasks 
below an age-matched control group (Grafman, Rao, Bernardin, & Leo, 1991). A study 
done by Rao, et ah, (1991) found that approximately 50% of multiple sclerosis patents 
that are seen by clinicians will exhibit some degree of cognitive impairment. It does
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seem that a majority of the studies that have measured cognitive impairments within this 
group have used only MS patients seeking medical services. One problem with this line 
of research is that patients seeking constant care may be severely affected by multiple 
sclerosis and not be fully representative of the mild to moderate multiple sclerosis group 
that may not seek as many services (Paty, Poser, & Shapiro, 1989). Multiple sclerosis 
patients do experience some emotional change (Ron, 1986). There is a “pseudobulbar 
effect” in which the most severely impaired multiple sclerosis patients experience an 
increase of laughing or crying more easily than they might otherwise. The multiple 
sclerosis patient may experience the same feelings that they had before, but express them 
in an abnormal fashion. It is highly important that if the client expresses emotions in a 
peculiar fashion that you ask for clarification about feelings in an explicit manner. 
Multiple sclerosis patients may also experience irritability, mood swings, and depression 
(although these may not be due to the organic nature of multiple sclerosis, but instead to 
dealing with increased life stressors (Davis, Pavlou, & Hartings, 1978).
An interesting side note about systems unaffected by multiple sclerosis is the lack 
of this diagnosis in animals. Animals do not naturally get multiple sclerosis. Researchers 
are somewhat puzzled by this phenomenon. However, animals do experience similar 
demyelinating diseases, which may help researchers to learn about the causality of similar 
diseases in humans (Waksman, et al., 1987).
Prognosis
Multiple sclerosis fluctuates or progresses in severity, while many patients have
periods of stability lasting for many years. In the first five years of the course of MS, the
patient who has few attacks and recovers quickly has a better prognosis than the patient
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with many attacks that take lengthy amounts of time to recover from (Paty, Poser, & 
Schapiro, 1989). Some persons with multiple sclerosis have a mild disability for a 
lifetime while others have moderate and more severe problems yet while others become 
seriously disabled. The prognosis spanning 10-20 years is not as bleak as some may 
think that it is. The estimates for full disability are around 35%, moderate impairment 
around 32%, impairment without disability classification around 8%, and no disability 
classification around 25%. The severity of the disability is also not as bleak as some may 
think it is. The approximate percentage of multiple sclerosis patients that eventually 
require assistive devices for locomotion are as follows: Use of a cane 50%, use of a 
wheelchair 30%, no assistance needed 20% (Waksman, et al., 1987). The patient with 
relapsing-remitting MS will have a better prognosis than the progressive type. The 
patient that presents with sensory symptoms initially will typically do better in the long 
term than the patient that presents with motor loss. Impotence and loss of bladder control 
have not shown prognostic indication (Paty, Poser, & Schapiro, 1989).
Diagnosis o f Multiple Sclerosis
Variety is the key with multiple sclerosis symptoms and course, which are pretty 
broad. At this time, there is NO diagnostic test for multiple sclerosis and making this 
diagnosis has to be done by establishing a history consistent with multiple sclerosis and 
ruling out other diseases. The criteria for a basis for a working diagnosis of “probable 
multiple sclerosis” include:
1. Definite neurological signs explicable only in terms of multiple lesions in the 
CNS.
2. A history consistent with multiple sclerosis, especially clear-cut
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evidence for exacerbation and remission of symptoms.
3. The proved absence of any other condition that could be reasonably expected 
to produce similar symptoms. (Sibley, 1990)
Other conditions to look for include fatigue, trauma, inhalant abuse, and 
emotional or physical stress. It is often suggested that the patient be kept in the dark for a 
while until all other possible diagnoses have been ruled out. In reality, an absolute 
permanent diagnosis of multiple sclerosis is not possible until autopsy. A confounding 
factor in the diagnosis of multiple sclerosis is that it can have similar symptomatology to 
tumors and other organic brain dysfunction. Hence, the multiple sclerosis patient may go 
to multiple specialties for seemingly separate problems, which complicates the diagnosis 
of multiple sclerosis. Further confusion results from the daily and monthly fluctuations 
of symptoms. This is where a psychologist could become involved, as the fluctuations in 
symptoms could be considered a form of Hypochondriasis. The fluctuations these 
patients experience don’t seem to take any consistent form day-to-day, week-to-week, 
which adds to the difficulty and frustration of this diagnosis (Paty & Ebers, 1998).
Assessment o f Multiple Sclerosis
Different medical professionals can do assessment of multiple sclerosis, however,
it usually begins in the family physician’s office. Initially, a medical history is taken. All
symptoms need to be put into some semblance of a pattern. The physician may refer to a
neurologist for a neurological exam to be done. This usually involves checking reflexes,
sensations, eye examinations, monitoring gait and walk, asking questions about manual
dexterity, observing speech, and asking simple questions to test mental fluency. A
medical professional may also feel the need to order a spinal tap for the multiple sclerosis
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patient. Often times with these patients there is an abnormality within the spinal cord 
fluid (abnormal cells or differing immunoglobulins). At present time, the spinal tap is not 
always necessary or sufficient for a diagnosis.
One of the lesser used diagnostic tools for diagnosing multiple sclerosis patients is 
looking at evoked responses while the patient looks at rapidly changing patterns on a 
screen. Often this test is used because the general neurological exam did not reveal 
evidence of other possible diseases or diagnoses as well as being able to reach some 
lesions in the brain stem, optic nerve, or spinal cord that the MRI misses (Sibley, 1990). 
Electrodes are attached to the head and stimuli are then presented. In multiple sclerosis, 
the speed at which impulses are conducted may be decreased as well as demyelinated 
areas showing a delay in signal or a decrease in amplitude (Paty, et al., 1989). This is a 
newer test that shows some utility, but is not definitive in the diagnosis of this disease.
Diagnosticians have also begun to utilize the oligoclonal bands of 
immunoglobulin G in the CSF of the CNS. It has been found that oligoclonal bands are 
highly concentrated in the CSF, specifically in the CNS in about 70% of multiple 
sclerosis patients (Sibley, 1990). This test also has limitations in diagnosing multiple 
sclerosis in that it higher levels of these bands are also found in other diseases such as 
postinfectious encephalomyelitis, AIDS, and sarcoidosis. One must also be cautious in 
using this test to “rule-out” multiple sclerosis, because it is not necessary in the disease 
although it is sufficient. However, if these bands are present as well as other indicators of 
multiple lesions, the likelihood of correctly diagnosing multiple sclerosis increases 
greatly (Paty, et al., 1989):
Some of the newest brain imaging type assessment for multiple sclerosis
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include the CAT scan, PET scan, and MRI. Often times, this type of assessment is done 
in an attempt to rule out other disorders versus solely diagnosing multiple sclerosis. At 
this point in time, these brain scans cannot detect demyelination, however they can detect 
tumors or stroke areas. The clinical utility of MRI scans has been shown to be helpful in 
about 70-93% of definite multiple sclerosis cases.' Studies have shown that MRI scans 
are abnormal in more than 90 percent of multiple sclerosis patients. Often, an area of 
abnormal brightness, which is suggestive of an increased water content, appears on "T2- 
weighted" scans. Conversely, the dark areas on "T1-weighted" scans suggest specific 
areas of tissue damage or high plaque areas with an abnormal brightness after a dye is 
injected into the patient's bloodstream. Similar abnormalities are sometimes seen with 
other diseases, so MRI abnonnalities are not by themselves sufficient to make a diagnosis 
of multiple sclerosis. It should be stated that MRI’s are not always correct. There is a 5- 
10% chance of negative findings in clinically diagnosed multiple sclerosis patients. 
Diagnosticians must also be aware that nonspecific MRI abnormalities occur in 10-20% 
of persons 50+ (Paty, et al., 1989). This chance of a false positive can be used for 
reasoning that MRI testing is most beneficial in patients younger than 50. Recent studies 
are indicative that the next generation of MRI techniques may have the ability to detect 
specific abnormalities, which could aid in the diagnosis of multiple sclerosis (Maurelli, 
Marchioni, Cerretano, & Bosone, 1992, Rollins, 1986).
Another brain imaging technique being utilized is the positron emission 
tomographic scanning, which shows metabolic events occurring within multiple sclerosis 
lesions. It has been successfully used to show a loss of function in the frontal lobes of 
multiple sclerosis patients and has been used to explain the memory loss
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symptomatology. However, the clinical utility of this test is somewhat questionable.
This test is unable to specifically diagnose multiple sclerosis and is expensive and 
cumbersome (Waksman, et al., 1987).
Similar to the above brain scans, a myelogram can be preformed on the multiple 
sclerosis patient, but this procedure is limited to search out tumors in the spinal cord area.
However, despite the limitations of this tool in diagnosing multiple sclerosis, it is highly 
effective in ruling out other disorders (Pavlou, 1979).
Psychological testing can be important in the diagnosis of related problems to 
multiple sclerosis. A testing battery should evaluate concentration, short-and long-term 
memory, and ability to learn new material, and the final report should describe strengths 
and weaknesses in these areas. It is also vital that psychological testing not be done 
during an exacerbation phase. It is also important to take note of all medications being 
taken and their influences are determined on the patient’s cognitive performance. One 
example of psychological testing with multiple sclerosis patients is using the Minnesota 
Multiphasic Personality Inventory (MMPI) with them. When the MMPI is given to a 
patient with multiple sclerosis, they are likely to show elevations on Scales 
1 (Hypochondriasis), 2 (Anxiety), 3 (Depression), 7 (Psychathenia), and 8 
(Schizophrenia). A study done by Meyerink, Reitan, and Selz (1988) showed that these 
scales were significantly higher in multiple sclerosis patients, which suggests that an 
accurate report of physical symptoms for multiple sclerosis can cause a misinterpretation 
of a neurological disease into a personality dysfunction.
Interestingly, a study on how multiple sclerosis patients perform on the WAIS has 
shown that there is a drop in IQ points from premorbid to post testing in these patients
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however, their full-scale IQ scores fall within the average range (Fennell & Smith, 1990). 
Not surprisingly, verbal IQ is typically greater than the performance IQ of the multiple 
sclerosis patient.
Complications o f Multiple Sclerosis 
There are complications of multiple sclerosis, which one must take into 
consideration when discussing the development of this disease. As was mentioned 
above, multiple sclerosis patients can die from complications resulting from the disabling 
symptoms of this disease. For example, the loss of control over function of the bladder 
and bowels present a risk of infection in the urinary tract. Also, multiple sclerosis 
patients who are confined to wheelchairs or bedrest, may develop decubitus ulcers (bed 
sores), which usually do not heal well and are very painful. One of the most common 
causes of death of bedridden multiple sclerosis patients is bronchopneumonia, a 
complication from lack of movement of body fluids (Waksman, et al., 1987).
Prognostic Considerations
There are some prognostic considerations that should be taken under advisement 
when discussing multiple sclerosis with the patient. During the first five years of the 
disease, the patient that has only 1-2 attacks, recovers quite quickly from them, and 
doesn’t develop serious deficits has a better prognosis than someone who has more 
frequent attacks and residual effects. Also, the patient who relapses and then remits 
generally has a better prognosis than the patient who is progressive. The patient who 
presents with sensory symptoms generally will do better than one who has motor 
symptoms. Research has shown that impotence and loss of bladder or bowel control has 
no prognostic significance.
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Often times, when younger individuals develop multiple sclerosis in their teens or 
older adults (after 40) they will have a more malignant form of the disease. This 
malignant or polysymptomatic/progressive type of multiple sclerosis is quite rare and is 
usually identifiable early on in the course of the disease.
Lastly, patients can be somewhat reassured that most multiple sclerosis patients 
face the same life expectancy as they would have of without the disease (Paty, et al., 
1989).
Treatment o f Multiple Sclerosis
There really is no treatment for multiple sclerosis. Instead, practitioners can treat 
the symptoms by teaching compensation strategies. Complications such as infections can 
be controlled via medication, so that the patients can enjoy a normal life span. There are 
also technological support systems available to ease the stress of the multiple sclerosis 
patient. Researchers are looking for a way to interfere with the autoimmune reaction 
from the infection as well as a way to decrease the finality of damage caused by the 
plaque.
There are drug therapies given for symptom relief of multiple sclerosis. 
Conventional treatment has given immunosuppressive agents including, corticosteroids, 
azathioprine, cyclophosphamide, and methotrexate, which offers limited success in 
controlling the disease (Apatoff, 1998). The immunosuppressive agents are given to 
counter the attack MS takes on the immune system. Often specific hormones (ACTH) are 
given to decrease the allergic reaction and inflammation often seen in multiple sclerosis. 
To control spasticity, tranquilizers such as Valium have been used. To control bladder 
incontinence, acetylcholine inhibitors are given. To treat psychological symptoms,
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anxiolytics, antidepressants, and tranquilizers are given (Paty & Ebers, 1998).
Rehabilitation efforts with multiple sclerosis patients may seem futile, due to the 
seemingly endless change in symptoms. However, the change is inevitable as multiple 
sclerosis is a progressive disease, but it is highly important to emphasize that the client 
may take many, many years to worsen significantly and may be functionally stable for all 
practical purposes.
It is important to differentiate mild, moderate, and severe types of multiple 
sclerosis for treatment purposes. About 20-30% of all multiple sclerosis cases fall into 
the mild category. This may be grossly underestimated due to mild cases not coming into 
the doctor’s office for rehabilitation. It could also be diagnosed as something else and not 
finalized until autopsy. It is common for the moderate multiple sclerosis patient to 
experience remissions and exacerbations for a 2-3 week period. They then begin to 
improve gradually and may or may not experience residual disability. At some points, 
the exacerbations and remissions may cease, and the patient begins a very slow and subtle 
deterioration termed, “chronic progressive.” This state is not inevitable, and many 
multiple sclerosis patients may never reach it. Chronic progressive cases comprise the 
majority of those who eventually become severely disabled. Many patients succumb to 
complications of MS before this stage, such as infections, heart attacks, etc.. It is also 
possible that the disease “bums out” and then the patient stabilizes to some degree. The 
biological reasoning for the burn out involves the plaque surrounding the nerve fiber to 
permanently disable that fiber and cause a final disability for that patient (Waksman, et 
al., 1987). For severe cases, or malignant multiple sclerosis, there is a swift progression, 
where vital autonomic centers are lost and there is severe disability and death within a
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few years. Malignant multiple sclerosis is usually recognizable early on in the course of 
the disease (Thompson, Polman, & Hohlfeld, 1997).
There is definitely an uncertainty factor that goes along with multiple sclerosis. 
This must be dealt with in order for the individual to go on. Employment difficulties 
usually involving bladder control issues are vital to discuss with the client. Often, bowel 
and bladder difficulties are key determiners of ability to work and even of the family’s 
ability to maintain the patient at home. (There are drug interventions for this, which can 
help in rehabilitation) (Paty & Ebers, 1998).
One major treatment factor is teaching the multiple sclerosis patient to cope. It is
suggested that patients be realistic but hopeful. Encouraging the normalcy in
experiencing fears, worries or discouragement. Educating the multiple sclerosis patient
on all aspects of multiple sclerosis is helpful for them to understand the disease. It is also
very beneficial to have the family involved in the education of multiple sclerosis as well
as the treatment planning for the patient as the patient permits. Family counseling may
also be suggested in an attempt to prepare for the changes that multiple sclerosis patients
may bring to the family structure. Multiple sclerosis patients who are doing well, often
know a reasonable amount about multiple sclerosis. There should be some caution stated
here to the physician with any type of bibliotherapy prescribed in that the client may not
be receiving the most current information from their local library on multiple sclerosis
(Paty, et al., 1987). The most recent information should be distributed to both the
individual and family going through multiple sclerosis. The multiple sclerosis patient
does not seem to be upset overwhelmingly or all the time, he or she makes few
statements, if any, suggesting that he or she feels responsible for getting sick. They tend
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to talk about things that bring them pleasure and talks about activities or interests of other 
family members. It is hopeful that they mention friends which are seen regularly or 
religious community groups contributed to, has talked to other multiple sclerosis patients, 
can identify some future goal not related directly to getting better physically, has 
reasonable relations with medical teams, says some good things about his or her self, and 
has a sense of humor (Thompson, Polman, & Hohlfeld, 1997).
Common Myths or Questions Involving Multiple Sclerosis 
A common question asked of multiple sclerosis patients involves everyday life 
events. For example, can I still have children? When addressing female patients, the 
risks of remission must be explained carefully. There is about a 20-30% risk for relapse 
in the three months following delivery due to the hormonal balancing during pregnancy. 
However, having children does not affect the disease course. For men, there should be no 
potency limitations from this disease, however, as mentioned above there may be 
equipment failure problems (Paty, et al. 1989).
Another myth is that multiple sclerosis patients are always euphoric. This is an 
untruth that has stuck around for many years. As was purported above, some multiple 
sclerosis patients do experience a pseudobulbar response, but there are such a small 
number of these responses that it is not considered typical (Pavlou, 1979).
Two other common myths involve the capabilities of multiple sclerosis patients. 
They are one, that multiple sclerosis patients cannot handle stress and also that they 
cannot work. Both of these are untrue and research has shown that individuals with 
multiple sclerosis can effectively handle stress although they will go through hard times 
having to deal with everyday life stressors on top of having a major illness. This goes
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right along with their capability to work. Multiple sclerosis patients are just as capable of 
working as everyone else. Some minor compensation strategies may need to be 
employed, but the degree of their disability should not be the sole determinant of their 
work status. With the somewhat recent passing of the American’s with Disabilities Act, 
more and more multiple sclerosis patients are heading back into the work place and are 
leading active lifestyles (Pavlou, 1979; Paty & Ebers, 1998).
Future Directions for Multiple Sclerosis Research 
At the present time, experiments are being done to test if myelin-producing 
oligodendrocytes can be transplanted into animal brains in hopes that myelin will begin to 
regenerate. Drugs are also being used to facilitate electrical impulses in the brain so 
messages can be sent and received without myelin (Edwards, 1987). Clinicians will have 
to examine the economic impact of this disease and its subsequent treatment. Also, 
multiple sclerosis societies will have to take an active role in convincing politicians and 
health care representatives that comprehensive management of this disease is vital in our 
society (Kesserlring, 1997). The ultimate goal still remains to have a vaccine for those at 
risk for developing multiple sclerosis as well as finding the causal gene or infectious 
agent responsible.
Sleep
Sleep Impairments in Multiple Sclerosis
There have been limited studies on sleep impairments in MS. Those that have
been done typically show that MS patients experience more sleep impairments than
controls. Clarke, et al., (1992) conducted a study to examine the prevalence of sleep
impairments within a MS sample. They recruited 143 patients with MS and 70 controls
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for participation. There were no significant differences between the two groups on age or 
education. All participants were administered a comprehensive psychological battery, 
including the Minnesota Multiphasic Personality Inventory (MMPI). The MMPI consists 
of 567 true/false statements that assesses general personality. These authors used the 
MMPI to assess sleep patterns, including sleep initiation, sleep maintenance, sleep 
outcome, somnambulism, nightmares, sleep reversal, and disturbance of sleep cycle due 
to anxiety. They found that the MS patients had significantly more complaints of sleep 
initiation, sleep maintenance, and sleep outcome as compared to controls. Another study, 
by Leo, Rao, and Bernardin (1991) found similar results to the Clark et al. study. Leo, et 
al., (1991) tested 47 MS patients and 63 controls matched on age and education. They 
utilized a structured sleep survey (quality, quantity, and make-up of sleep activity) and 
found that both groups had equivalent hours of sleep per night, but that MS patients were 
more likely to nap during the day, have frequent nocturnal awakenings, poorer dream 
recall, and it took them longer to fall asleep. They also found correlational significance 
that the causes of the sleep impairments were related to bladder problems, spasticity, 
daytime fatigue, sexual dysfunction, and depression. They did not find a significant 
correlational relationship between sleep disturbance and illness duration, or Kurtzke 
disability score. Saunders, Whitham, and Schaumann (1991) also found similar sleep 
patterns in their study on MS patients. They studied 100 patients with MS and 100 
controls matched on age and sex. They administered a short battery of tests including a 
self-report questionnaire measuring sleep patterns. They found that MS patients more 
frequently reported early morning awakening, non-restorative sleep, difficulty falling 
asleep, and restless sleep as compared to the controls. MS patients also had more
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daytime naps, nocturnal awakenings, and took longer to fall asleep than the controls.
This study also found the causes of sleep impairments in the MS sample were bladder 
difficulties, anxiety, spasticity, and stiffness. As in the Leo, et al., study (1991), Saunders 
et al (1991) did not find significant correlations between type and duration of MS and 
motor disabilities with the sleep variables measured. One problem with some of the 
above sleep studies is the lack of using assessment tools that have been created to solely 
measure sleep variables. It is suggested that similar studies be conducted with MS 
samples that utilize assessment tools that quantify multi-definitional sleep variables.
Sleep Impairments and Cognitive Performance
In order to study how sleep affects cognitive processes, sleep, as a construct needs
to be refined and defined. Researchers need to quantify more than simply sleep, it should
be further broken down into sleep quality, quantity, and efficiency. Sleep quality in later
life appears to be a determinant of quality of life, level of functioning, and independent
living (Buysse, et al., 1991). To understand sleep and aging further, it has been suggested
that researchers should be working to regulate sleep time as well as creating effective
interventions for maintaining and enhancing sleep efficiency and sleep quality (Hoch, et
al., 1997). As mentioned above, simply, more research needs to be done in this area to
find solutions to the problems at hand with age-related differences in sleep.
Sleep loss has been shown to result in varied problematic cognitive processing.
There really is no one theory to explain why this happens or exactly what neurological
processes are affected (Babkoff, Genser, Sing, Thome, & Hegge, 1985). However,
researchers have found that sleep disturbances significantly impair verbal memory
(Pollina, Kaufman, Masur, & Krupp, 1998), semantic memory, sustained attention, and
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executive functioning (Fluck, et al., 1998), visual vigilance tasks and a test of working 
memory (Redline, et al., 1997), increased cognitive disorientation and confusion 
(Mikulincer, Babkoff, Caspy, & Sing, 1989). While yet other researchers have found that 
subjective related sleep disturbance is related to performance on tests of vigilance, 
psychomotor speed, recall memory, and executive function, while objective sleep 
disturbance was related to word list retention (Hart, Morin, & Best, 1997). Prolonged 
sleep loss can also result in mood swings and perceptual distortions, which could easily 
affect cognitive performance.
Once sleep deprivation has occurred, research has shown that performance suffers 
significantly if the task is prolonged or monotonous (Babkoff, et al., 1985; Mikulincer, 
Babkoff, Caspy, & Sing, 1989). However, it has been found by these researchers that if 
the motivation level is quite high in sleep deprivation, participants have a tendency to 
show lessened deficits. However they purport that performance (accurate or not) is not 
constant during sleep deprivation, it fluctuates. Reasons for these fluctuations are 
threefold; the first is that it could simply be sessions of microsleep. These microsleeps are 
moments of stage 1 sleep which if not interrupted, they will move onto stage 2 and then 
3. As sleep loss increases, so will the frequency of microsleeps. The second reason is 
that of decreased levels of arousal and attention. Once again, as discussed above, 
fluctuating levels of arousal throughout the day result in variable accuracy in 
performance. It was found that lapses were the highest at 0200-0800 (Babkoff, et al., 
1985). The last reason for performance fluctuations is that in a sleep deprivation study, 
researchers are placing barriers on the information processing capability of the 
participant. This entire process of performance lapses interspersed with accurate
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performance is referred to as the “Walter Reed Lapse Hypothesis” (Babkoff, et al., 1985). 
So, it is easy to see that sleep loss has vast detrimental effects on cognitive processing.
Some theorists have hypothesized that the decrements in performance that result
from sleep loss may be due to decreases of available resources necessary for performance
that fluctuate over time of day (Mikulincer, et al., 1989). If we look to the arousal
hypothesis for clarification, we see that over accruing hours of sleep deprivation
performance will decrease due to a lack of arousal. These researchers also hypothesize
that performance accuracy will not be affected by sleep loss whereas the speed of
performance will be. The point they are making is that during periods of sleep loss,
participants may simply attempt to do fewer trials than to perform poorly, accuracy
should remain high, but a general slowing may occur. Mikulincer, et al., (1989) also
found that motivation levels fluctuated over time of day and that the participants
experienced increasing problems in attention, confusion, and slowness as sleep loss
progressed. They found that overall general performance and accuracy decreased over
the three days and that these deficits were higher during the later afternoon-evening than
post-midnight-early morning hours. They found that circadian rhythms have very
important effects on psychological variables. To add to the defense of the circadian
rhythm proponent, they found a more marked effect by the rhythmic component on
psychological measures (the Stanford Sleepiness Scale, US Naval Health Research
Center’s Mood Scale and Psychiatric Symptom Scale) as sleep loss increased. Going
back to the inverted U theory as discussed above, it can be hypothesized that sleep
deprived individuals will start with lower levels of arousal and time of day related
changes in arousal would have a greater effect on their performance (Folkard, 1982). It
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has suggested that people are possibly more sensitive to daily fluctuations in arousal 
when they are sleep deprived, which may be due to a lowered level of arousal from a lack 
of feeling rested (Mikulincer, et al., 1989). In the study by Mikulincer, et ah, (1989), they 
found that as sleep deprivation progressed, the amplitude of the circadian rhythms, as 
measured by complex demodulation, also increased, which could cause more severe 
increases and decreases in arousal levels throughout the day. From the results reported 
above, time of day can be considered a moderating factor, due to circadian fluctuations, 
within cognitive performance based sleep studies. All of the above mentioned literature 
should be incorporated so that we also take into consideration that MS patients are more 
likely to have sleep problems and that sleep loss can result in performance deficits in 
information processing tasks.
Multiple Sclerosis and Memory
Multiple Sclerosis Related Differences in Memory Performance 
There are several conclusions from the literature that can be made about cognitive 
changes resulting from multiple sclerosis. First, there is no single cognitive deficit 
associated with multiple sclerosis. Severe mental change can occur, but it typically 
clusters in-patients with the severe presentation of MS also called “chronic progressive.” 
If changes do occur, they most often take the form of impairments in memory (Rao, et al, 
1993; Godoy, et al., 1996), concentration (Pavlou, 1979), speeded processing 
(Brassington & Marsh, 1998) or impairments in executive functioning (Fennell & Smith, 
1990). Grafman, Rao, and Litvan, (1990) purport that approximately 40-60% of MS 
patients perform below expectations when tested on learning and memory tasks as 
compared to control groups.
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Research has shown that MS does not affect all aspects of memory equally. The 
literature on MS suggests that the greatest memory impairment lies in memory tasks that 
present participants with a word list or a passage and require the MS patient to 
spontaneously free recall information (Beatty & Gange, 1977; Beatty, Goodkin, Monson, 
Beatty, & Hertgaard, 1988; Fischer, 1988; Heaton, Nelson, Thompson, Burks, & 
Franklin, 1985; Jambor, 1969; Minden, Moes, Orav, Kaplan, & Reich, 1990; Rao, 
Hammeke, McQuillen, Khatri, & Lloyd, 1984; Rao, Leo, & St. Aubin-Faubert, 1989; 
Vowels, 1979). It has been purported that MS in some way affects the retrieval process in 
long term memory (Rao, et al., 1993). However, simply looking at long-term versus 
short-term memory is not getting at the root of the memory impairment. Breaking down 
memory impairment into specific areas may be beneficial to understanding this 
complication of MS.
Memory for Prose
Memory for prose passages has been studied somewhat extensively in the MS
literature, however, there are mixed results as to the findings and causes for such memory
impairment. Minden, Moes, Orav, Kaplan, and Reich (1990) tested fifty patients with
MS and thirty-five controls matched for age, gender, and education. All participants were
administered the Beck Depression Inventory (BDI), Kurtzke Expanded Disability Status
Scale (EDSS), and a comprehensive neuropsychological assessment. The BDI is a 21-
item questionnaire that measures depressive symptomatology. The EDSS is a rating scale
filled out by a neurologist that quantifies the level of physical and cognitive disability the
MS patient is experiencing. The neuropsychological assessment included the Boston
Revision of the Weschler Memory Scale (WMS-BR), Rey Auditory Verbal Learning Test
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(RAVLT), and the digit span and arithmetic subtests from the Weschler Adult 
Intelligence Scale-Revised (WAIS-R). The WAIS-R is a measure of general intellectual 
ability. The digit span subtest of the WAIS-R requires participants to repeat a sequence of 
digits in a specific order. There is a forward condition where participants must repeat the 
digits verbatim and a backward condition where participants must repeat the sequence in 
the reverse order. The arithmetic subtest from the WAIS-R requires participants to 
calculate mathematical problems in their head. The WMS-BR is a general measure of 
memory capability. The WMS-BR logical memory subtest requires participants to listen 
to two stories and immediately recall each after the initial presentation of the story. There 
is also a delayed section of this test. After 30 minutes the participants are asked to recall 
as much of each story as he/she can. The WMS-BR Logical Memory differs from 
Weschler Memory Scale-Revised (WMS-R) and Weschler Memory Scale (WMS)
Logical Memory in providing probing questions to promote recall after immediate 
memory tasks as well as testing recognition of the stories after the delayed free recall.
The WMS-BR is typically used in neuropsychological assessments for a more detailed 
error analysis. The RAVLT consists of 15 words presented to the participant at 1 word 
every 2 seconds. The list was presented five times and after each presentation 
participants are asked to recall as many words as they can. After the fifth presentation, an 
interference list of 15 words is presented and immediately recalled. After this 
interference list, a short delay recall of the first list is administered. Also, there is a 15- 
20 minute free recall and recognition delay condition for the RAVLT. Only the results 
from the WMS-BR Logical Memory portion of this study will be discussed here due to 
the relevancy to this section. These authors found that MS patients differed significantly
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from controls on immediate free recall of prose, prompted free recall, and 30-minute 
delayed recall memory as tested by the WMS-BR Logical Memory subtest. Although 
both immediate and delayed recall were significantly worse for the MS patients compared 
to controls, there was less of a discrepancy on the delay task than the immediate task as 
compared to the controls. There were no significant differences between groups on the 
recognition test. Overall, these authors found that the MS patients did worse on the 
majority of the tests administered as compared to the controls.
Goldstein, Mckendall, and Haut (1992) also examined prose recall memory in MS 
patients. They studied 12 female MS patients with MS and 10 female controls 
comparable in demographic features. All participants were given the two passages from 
the WMS-R Logical Memory subtest. These passages had been broken down into 25 
idea units and each of the idea units had been rated for their importance to the theme of 
the story by groups of college students resulting in idea units that were high, medium, and 
low importance to the theme of the passage (Haut, et al., 1990). There was an immediate 
and a delay condition for both stories. The controls recalled significantly more total idea 
units than the MS patients on both the immediate and delay conditions. Both groups 
were found to do better on the immediate task than the delay condition. Both groups 
recalled more high importance idea units relative to less important idea units, which 
suggests that both groups were able to extract the main ideas from the text. This study 
also found a similar rate of forgetting across idea units for both groups as studied by 
examining idea units retained in the delay condition from those recalled at the immediate 
condition.
Lokken, Ferraro, Petros, Bergloff, Thompson, and Teetzen (1999) also looked at
29
recall memory in MS patients in a similar fashion to the Goldstein study described above. 
Lokken et al (1999) looked at 14 MS patients and 13 controls matched on age, gender, 
and education. A standard brief neuropsychological battery was administered to both 
groups, consisting of the two passages from the WMS-R. The passages had previously 
been broken down into idea units and then into importance to the meaning of the story 
(Haut, et al., 1990). Two memory span measures were also used, WAIS-R Digit Span 
and the Corsi Tapping Test (forward and backward). The Corsi Tapping Test forward 
requires participants to watch the examiner tap a series of stationary blocks in a specified 
order. The participant must then tap the same order as the examiner. The backward 
portion of the test requires participants reverse the order the examiner taps the blocks in. 
An abbreviated Boston Naming Test (15-items; Franzen, et al., 1995) was administered to 
test confrontational naming and the Geriatric Depression Scale (GDS, Brink, et al., 1982; 
Yesavage, 1983) was used to assess depression. The full Boston Naming Test (Kaplan, 
Goodglass, & Weintraub, 1983) consists of presenting 60-stimulus pictures to 
participants and requiring them to name each picture. If the participant is unable to name 
the picture, a stimulus cue is given (e.g. for a picture of an igloo, the cue would be, it’s a 
type of house). If the participant is still unable to name the picture, a phonemic cue is 
given (e.g. it begins with "ig"). It is common when dealing with populations susceptible 
to fatigue effects to use the abbreviated BNT consisting of 15 pictures, which has shown 
comparable psychometric properties to the full BNT (Mack, Freed, Williams, & 
Henderson, 1992; Franzen, et al., 1995). The GDS is a 30-item self-report questionnaire 
of depressive symptoms. It excludes items that are confounded with normal aging and
physically limiting diseases and assesses primarily cognitive components of depression.
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There are some studies concluding that the GDS is sufficiently reliable to use with groups 
other than a geriatric sample (Brink & Niemeyer, 1992; Ferraro & Chelminski, 1996). 
Controls recalled more total idea units on the prose recall than MS participants.
Important idea units were recalled better than less important idea units in both groups.
MS individuals had better immediate recall than delayed, while no effect of delay on 
recall was observed. Control participants recalled more story units at both the immediate 
and the delay recall, however, the size of the difference for the delayed recall (51.2%) 
was much larger than the immediate (37.7%). When these authors looked at the rate of 
forgetting, they found controls retained more information than the MS patients. In both 
groups, more high and medium importance units were more likely to be retained than the 
low units. This study supports the memory deficit hypothesis of MS patients. It also 
showed the same effect of MS patients having better immediate versus delayed recall. 
Intact semantic encoding was also evident in this study by both recalls in that the 
essential details were more likely to be recalled. This study did find a higher rate of 
forgetting in MS patients than the controls, which is contrary to the Goldstein finding.
The main difference between these two studies was the Goldstein study only used female 
participants. In the general population the ratio of male to female participants in research 
is 1:1.7 (Rao, 1986), this study had a ratio of 1:1.3. These authors suggest that if this is 
the causal difference that the Lokken study would have more credibility since the sample 
was most similar to the gender prevalence rate in the MS population.
Another study done to clarify the memory disturbance typically associated with 
MS was by Rao, Hammeke, McQuillen, Khatri, and Lloyd (1984). They tested forty-four 
MS patients with MS, 23 patient controls seeking services for chronic pain, and 15
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normal controls. All participants were administered a comprehensive neuropsychology 
battery consisting of the Free Verbal Recall Test (FVRT) and the Weschler Memory 
Scale (WMS). The FVRT consists of presenting a list (list A) of 12 words to participants 
five times. After presentation of the lists, the participant is asked to recall as much of the 
lists as possible. A distractor list (list B) is then read after the fifth presentation of list A 
and a free recall measure is given for list B. The participant is then asked to recall words 
from list A immediately after free recall of list B followed by a recognition test where the 
participant must pick out words from list A embedded in another distractor list. There is 
also a free recall delay condition 30 minutes later. The results of the FVRT will be 
discussed later in this paper. The authors found that MS patients performed worse than 
the patient controls on both immediate and delayed Logical Memory on the WMS, 
although the MS groups overall memory quotient was still in the average range. When 
measuring retention over the delay, the MS group retained 65% of the original free recall, 
whereas the patient controls retained 87%.
Litvan, et al., (1988) also attempted to look at memory deficits in patients with 
MS. They studied 16 patients with MS and 16 controls matched for age, sex, and 
education level. All participants were given several tests of intelligence and memory, 
including the Logical Memory subtest from the WMS and the RAVLT. The RAVLT 
results will be discussed later in the paper in the word memory section. On the WMS 
Logical Memory subtest, MS patients recalled fewer story details on both the immediate 
and delayed portions as compared to the controls.
A similar study by Rao, Leo, and St. Aubin-Faubert (1989) also looked at the 
nature of the memory disturbance seen in MS patients. Specifically, they looked at 37
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patients with MS and 26 controls matched on age, education, and sex. Both groups 
received a comprehensive battery of neuropsychological tests, including the Story Recall 
Test, Digit Span from the WAIS-R, and the Free Verbal Recall Test. The Story Recall 
Test consists of the participant reading a story twice (silently and aloud) and immediately 
free recalling the story. The participant is also required to recall the story again after a 1- 
hour and 24-hour delay. Only the results of the Story Recall Test will be discussed here, 
the results from the other two tasks will be discussed below. On the Story Recall Test, 
MS patients recalled fewer story units on the immediate and both delayed recalls than the 
controls. However, as similar to the Goldstein findings, when Rao, et al., (1989) looked 
at rate of forgetting, MS patients were comparable to the controls although their 
performance was below that of the controls. Rao, et al., (1989) suggest that there is a 
faulty retrieval from long term memory, which causes the memory deficits seen in MS 
patients. Rao, et al., (1989) state that when prose studies utilize a recognition task, 
typically the MS patients have scores comparable to controls, which would provide 
support for the subsequent hypothesis.
Rao, et al (1993) continued the search for memory impairment in MS and 
administered a standard clinical battery to 46 MS patients and 47 controls matched on 
age, education, and gender. The battery included the Story Recall Test and the Selective 
Reminding Test (FVRT) and the Selective Reminding Task (SRT). The FVRT is 
described above. The SRT consists of the participant free recalling a list of 12 unrelated 
words over 12 trials. On trials 2-12, the participant is only reminded of the words that 
he/she missed on the preceding trial. There is also a delay condition that requires the
participant to free recall all of the words that he/she can after one hour. The results of the
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SRT will be discussed below. The authors found that the MS patients performed 
significantly worse on almost all of the clinical battery given. Specifically on the Story 
Recall Test, the MS patients recalled less on immediate and delayed memory than the 
controls. It was found that the MS patients retained 79.7% of the initially free recalled 
information at the time of the 1-hour delay where the controls retained 90.1% of the same 
information at the same delay. One can conclude from the above studies that MS patients 
do have a memory impairment, however, with the finding of comparable rate of 
forgetting of prose material, we need to look further into the details of prose memory 
impairment.
Other studies have not found significant memory related differences between MS
patients and matched controls on prose memory tests. Ruchkin, et al., (1994) conducted a
study to look at memory in MS. The researchers brought in ten MS patients with MS, no
history of drug/alcohol abuse, no prior head injury, were not having current
exacerbations, and were living at home. They also tested 10 controls matched for age,
sex, handedness, and education level. All participants were administered the Logical
Memory (story memory), Visual Paired-Associates (word association memory), Visual
Reproductions (visual memory), and backward and forward Digit Span subtests of the
Weschler Memory Scale-Revised (WMS-R). The WMS-R visual reproductions subtest is
a measure of visual memory. Participants are presented with four designs and are
required to free recall each design after it is presented. After 30 minutes, a delay free
recall test is then administered where the participant must recall as much as he/she can of
those four designs. The WMS-R Paired Associates subtest requires participants to listen
to a list of word pairs, some easy and some hard (e.g. rose-flower versus school-grocery),
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and then free recall the second word of the pair after receiving the first word of the pair. 
There is also a delay condition of this subtest. After 30 minutes, the participant is asked 
to recall as many of the word pairs as he/she can. Ruchkin, et al (1994) found weak 
group differences that approached significance, between Logical Memory, Visual Paired 
Associates, and Visual Reproductions.
Memory for Words
A number of studies have examined memory performance in MS patients by 
presenting a list of words and then requesting immediate and or delayed recall and 
recognition memory.
The literature for memory for words in the MS population is somewhat varied. 
Rao, et al., (1984) studied memory for words in MS patients and used the Free Verbal 
Recall Test (FVRT). They tested forty-four patients with MS, 23 patient controls seeking 
services for chronic pain, and 15 normal controls. These authors found that the MS 
patients recalled significantly fewer words than controls on trials 1, 3, and 4, but their rate 
of improvement across the five trials was similar to that of the patient control 
participants. On the delayed free recall task, the MS patients performed comparably to the 
patient controls, however both patient groups performed worse than the normal controls.
A similar study by Litvan, et al., (1988) studied memory for word lists using the 
RAVLT. They studied 16 patients with MS and 16 controls matched for age, sex, and 
education level. They found that patients with MS recalled significantly fewer words 
than the controls on the immediate and delay portions of the RAVLT.
Another study by Beatty, et al., (1996) utilized the Selective Reminding Test to 
examine the memory disturbance of MS patients. They gave 99 MS patients and 32
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controls a short neuropsychological battery, including the SRT. They found that MS 
patients recalled fewer total words overall and did worse after a delay than the controls.
Similarly, Rao, et al., (1993) used the Selective Reminding Test (SRT) to assess 
word memory in 46 MS patients and 47 controls matched on age, education, and gender. 
These authors found that there was a significant difference between MS patients and 
controls on immediate and the delayed free recall, however, they did not a significant 
difference between MS patient’s and controls on the delayed recognition of the words 
initially presented. The literature suggests that recognition memory is less impaired than 
recall in MS patients (Caine, Schiffer, Shoulson, & Levy, 1986; Caroll, Gates, & Roldan, 
1984; Rao, et al., 1984), which is suggestive that the encoding and storage mechanisms 
remain relatively unimpaired. Rao et at, (1993) suggests that to assume that encoding is 
intact from only recognition memory can be deceiving. Recognition tasks are typically 
considerably easier than the free recall tasks, which Rao (1993) suggests may result in a 
ceiling effect masking possible group differences. Rao, et al., (1993) suggest that further 
study on recognition memory and encoding in MS patients be conducted with alternative 
methods.
Another study by Beatty, Goodkin, Monson, Beatty, and Hertsgaard (1988) 
looked at memory in MS patients. They tested 38 MS patients and 25 controls matched 
on age and education. They gave a shortened neuropsychological battery of tests, 
including a verbal memory task, a verbal fluency task, and the Boston Naming Test 
(BNT). The results of the verbal fluency and BNT will be discussed later in this paper. 
The verbal fluency task requires participants to freely come up with as many words as 
they can that begin with a certain letter of the alphabet in 60 seconds. The Verbal
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Memory task consisted of presenting participants with a 14-word list and asking them to 
free recall the list immediately after the presentation. The list was presented four times 
and a recall was taken after each presentation. Free recall and recognition delay 
conditions were given thirty minutes after the last recall. The authors suggest that the MS 
patients may have more difficulty with acquiring the material then retaining it as 
evidenced by a similar magnitude of impairment across delay condition. They found that 
MS patients performed significantly below the controls on the immediate and delayed 
free recall of the word lists. They also found significant delay recognition problems for 
the MS patients as compared to controls.
Not all studies have found significant differences between controls and MS 
patients on both immediate and delayed recall of word lists. Rao, et al., (1989) assessed 
memory for word lists using two tasks, Free Verbal Recall Test (FVRT) and the Selective 
Reminding Task (SRT). The FVRT and SRT are described above. They looked at 37 
patients with MS and 26 controls matched on age, education, and sex. In this study, Rao 
found on the FVRT that MS patients did not differ significantly from the controls on the 
immediate recall portion of the test. They did find that MS patients recalled significantly 
fewer words after a delay than the controls. On the SRT, the MS patients recalled fewer 
overall words than the controls as well as recalled fewer words after the delay condition. 
Based on their results, they suggest that immediate memory in MS patients is unimpaired 
due to the type of dementia that occurs. They suggest that MS is a “subcortical” 
dementia that leaves the immediate memory intact.
Another study that found mixed results was by DeLuca, Barbieri-Berger, and 
Johnson (1994). They conducted a study looking at memory impairments in MS,
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studying 23 patients with MS and 23 controls. There were no significant differences 
between age and education between the two groups. They administered a Selective 
Reminding (SR) procedure similar to the Selective Reminding Test described above. The 
SR consisted of presenting 10 words over a maximum of 15 trials. During trials 2-15, the 
participant is reminded of words he/she missed on the preceding trial. Participants were 
presented with continued trials until they achieved two consecutive trials of perfect recall. 
There is also a delay condition of this test 30 minutes after the last trial is administered. 
There is also a recognition condition given after the free recall delay. The recognition 
task consists of the original ten words mixed in with ten distractor words. These authors 
found that it took the MS patients significantly longer to acquire the list of words than the 
controls, however, the MS patients performed comparably to the controls on the SR at the 
delay and recognition condition. They suggest that they did not find a difference between 
controls and MS patients on the delayed task due to controlling for differences in initial 
acquisition of the verbal material. They go on to explain that allowing enough trials for 
the MS patients to acquire the information initially should decrease the memory 
impairments seen on delayed tasks.
Godoy, et al., (1996) attempted to further compare encoding and retrieval 
processes in MS patients using the Rey Auditory-Verbal Learning Test (RAVLT). Ten 
MS patients of differing severity, and ten controls were used in this study. The 
participants were matched on demographic characteristics. All participants were 
administered a comprehensive neuropsychological battery, including the RAVLT. A 
noted difference in this study as compared to most was that a Spanish versions of the tests 
were used. The authors looked at number of recalled words per trial, position of each
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word in the list, and compared the immediate and delayed conditions. There were 
significant differences in the within-subjects factor (immediate recall, delayed recall), but 
in no other factor. This suggests that there was no difference in memory span with short­
term recall. There were no significant differences in learning curves between the groups, 
each group remembered more as the trials increased. There were no significant 
differences on List B, short delay of A or recognition. They found that the effects of 
primacy and recency showed up in the control group, however, the MS patients did not 
show either effect. The authors state that the MS patients had a deficit in retrieval, but 
not in acquisition of the word list. The authors purport that the MS patients may actually 
have a deficit in their secondary memory, which may result in the patients not showing 
the primacy effect.
Factors that Influence Differences in Multiple Sclerosis 
Neuropsychological Performance
Theories of prose processing suggest that participants must effectively access 
information from long-term memory and manipulate information in working memory 
(Perfetti, 1985). Individual differences in the efficiency of either of these processes will 
impair prose memory. In the next sections I will review studies that have compared MS 
patients to controls on the efficiency of short term memory and the efficiency of 
accessing long term memory.
Short-Term Memory
Some studies suggest that the MS patients perform comparably to controls on the 
Digit Span test (Litvan, et al., 1988; Rao, Leo, & St. Aubin-Faubert, 1989), while other 
studies purport MS patients show impairment (Beatty, Paul, Blanco, Hames, & Wilbanks,
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1995; Beatty, et al., 1996; Minden, et al., 1990). In the study described above by Rao, 
Leo, and St. Aubin-Faubert (1989) where they tested 37 patients with MS and 26 controls 
matched on age, education, and sex, there were no differences in digit span forward or 
backward between MS participants and controls. They did find that there was a tendency 
for MS patients to recall fewer digits on the backward portion. The authors took these 
results a step further and used a supraspan task to assess memory deficits. The supraspan 
task consists of participants repeating digit sequences one digit longer than their 
maximum forward digit span score. Rao et al (1989) found that the MS patient’s showed 
a significant deficit as compared to the controls on this task. Contrary to the Rao study, 
Lokken, et al., (1999), Beatty, et al., (1996), and DeLuca, et al., (1994) found in their 
respective studies described above that controls did better on both forward and backward 
digit span test than the MS patients. Interestingly in the Lokken et al (1999) study, this 
pattern of results was not found on the Corsi Block Span test. The Corsi Block Span test 
is a visually presented short term memory task. The experimenter taps out a sequence on 
nine stationary blocks and the participant is asked to tap the blocks in the same sequence. 
As with digit span, there is a forward and backward portion to the Corsi Block Span test. 
Contrary to the Rao, et al., (1989) and Lokken, et al., (1999) studies, Minden et al., 
(1990) found that MS patients did worse than controls on the forward span but not the 
backward span. With this variety of results, it is imperative to continue to study such 
tasks as digit span within the MS population in order to better understand the cognitive 
deficits these patients experience.
Confrontational Naming and Verbal Fluency 
A number of researchers have examined MS patients for the ability to efficiently
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access information from long-term memory. Some researchers suggest that language
capabilities remain relatively intact within the MS population (Rao, 1986; Beatty, &
Monson, 1990). Such language abilities have been measured through the use of verbal
fluency tasks or confrontational picture naming. Beatty and Monson (1990) conducted a
study to examine semantic priming by MS patients with normal or low naming ability.
Forty-two MS (mixed severity) patients and 22 controls initially were administered the
Screening Examination for Cognitive Impairment in MS (SECIMS; Beatty & Goodkin,
1990), which is similar to the Mini Mental Status Exam (Folstein, Folstein, & McHugh,
1975), with more words to recall and more words to name. The Mini Mental Status
Exam in a brief screening for cognitive deficits with a mixed population, it consists of
multiple short neuropsychological tasks such as memory for three words and naming two
objects. The SECIMS was created to be more sensitive to dysnomia. Participants were
matched on age and education. Participants also completed the Controlled Oral Word
Association test (COWA), a letter-fluency test and a semantic priming task. The COWA
consists of giving the participant 60 seconds to freely come up with as many words as
he/she can that begin with a specific letter of the alphabet. There are three trials using
three different letters of the alphabet. The semantic priming task consisted of 48 stimulus
words paired with two response words of varying association. There was also a rating
task of word pairs, which required participants to rate the relatedness of pairs. A free
association task was immediately presented after completing the ratings. Participants
were instructed to say the first word that came to mind after seeing one word that may
have been presented as a word pair before. It was found that the MS patients with low
naming ability scored significantly lower than the patients of normal naming ability. This
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suggests that there may have been some significant cognitive differences between those 
two groups. The patient groups did not differ significantly on age or education. On the 
COWA, MS patients of both naming abilities scored lower than the controls. All of the 
MS patients performed normally on the semantic priming task and comparably to the 
controls across association types. These authors conclude that the structure of semantic 
memory remains intact within MS patients. The authors suggest that the difficulties in 
confrontational naming and verbal fluency demonstrated by many MS patient’s results 
from retrieval difficulties of “established verbal knowledge.” If a task is speed oriented 
the MS patient will most likely perform worse on the retrieval task than if the task is not 
timed due to the symptom of slowed processing. Beatty and Monson (1990) have found 
that 60% of the MS patients they have tested have dysnomia.
Another study by Beatty and Monson (1991) attempted to measure 
confrontational naming and verbal fluency with the Boston Naming Test and the 
Controlled Oral Word Association (COWA) task. They tested 38 MS patients and 25 
controls matched on age and education. They found that MS patients with higher levels 
of cognitive impairment, as measured by the MMSE (Folstein, et al., 1975), had 
significantly more impainnents in confrontational naming even with both phonemic and 
stimulus cues given. On the verbal fluency tasks, the MS patients again performed more 
poorly than the controls as measured by the COWA. Rao et al (1989) also found deficits 
in verbal fluency of the MS patients as compared to the controls, measured by the COWA 
in the study described above.
Lokken (1999) looked at 14 MS patients and 13 controls matched on age, gender, 
and education for confrontational naming impairments. This study also found that MS
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patients had a reduced ability on the confrontational naming task. This suggests that the 
MS patients had more difficulty accessing semantic memory to name the pictures. Since 
a brief battery was used in the Lokken et al (1999) study, the phonemic portion of the 
BNT was not utilized with this MS group. It is suggested that MS patients may perform 
normally on this task if the phonemic cued portion of the test was administered. It has 
also been hypothesized that overall slowing of information processing abilities may 
account for naming difficulties that MS patients experience (Rao, 1986). However when 
using common neuropsychological assessment tools such as the Boston Naming Test, 
which allows 20 seconds for a response, processing time should be less of an issue. 
Regardless, the literature suggests that accessing long-term memory for information is an 
effortful task for MS patients and may contribute to prose memory or word memory 
deficits.
Mood in Multiple Sclerosis
Studies have shown that MS patients have a high incidence of depression (Minden 
& Schiffer, 1990), which is not to say that all studies have found significant levels of 
depression within MS groups (Godoy, et al., 1996). There is controversy surrounding the 
relationship between MS and depression. Some studies have shown that there is not a 
significant relationship between depression and capacity-demanding cognitive tasks in 
MS patients (Brassington & Marsh, 1998; Fischer, et al., 1994; Lyon-Caen, Jouvent, 
Hauser, & Chaunu, 1986) while others purport that there is (Arnett, Higginson, Voss, 
Bender, Wurst, & Tippin, 1999; Thornton and Raz, 1997). In looking at depressed non- 
MS individuals, there appears to be a similar pattern of cognitive dysfunction (Hartlage,
Alloy, Vazquez, & Dykman, 1993). The hypothesis being made here is that maybe the
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depression is causing some of the cognitive dysfunction with MS patients. Hartlage, et 
al., (1993) propose that depressed MS patients have reduced cognitive capacity, which 
taps their attentional processes that could be used for capacity-demanding tasks. A study 
done by Arnett, et al., (1999) was conducted to further examine cognitive capacity within 
depressed MS patients, and if cognitive capacity was found to be reduced to what degree 
it could predict capacity-demanding task performance in other areas. Specifically, Arnett, 
et al., (1999), used a reading span task to define cognitive capacity including working 
memory capacity. These authors chose two tasks; reading span and word span tasks, and 
presented them to depressed MS, nondepressed MS, and nondepressed MS individuals. 
They also attempted to control for confounding factors such as age, education, sex, 
disease characteristics, psychotropic medication use, current IQ, and premorbid IQ. They 
tested 19 depressed MS patients (as classified by the Chicago Multiscale Depression 
Inventory (CMDI)), 41 nondepressed MS patients, and 8 nondepressed controls. Thirty 
seven percent of the depressed patients did meet DSM-IV criteria for major depressive 
episode. Each participant was given a large battery of neuropsychological tests, not all of 
which were used for this study. All three groups were given a reading task, which 
required them to read a sentence aloud and keep track of single, one-syllable words 
presented at the end of each sentence. When a blank card was shown to the participants, 
they then had to recall as many of the ending words as they could since the prior blank 
card. Participants were given three practice trials before the testing began. Participants 
were then given blocks of trials starting with 3-two sentence blocks, 3 three-sentence 
blocks, all the way up to 3 six-sentence blocks. Total number of words recalled was the 
dependent variable. The word span task consisted of presenting single, one-syllable
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words to participants. Again, when a blank card was shown the participant had to recall 
all of the words since the prior blank card. The blocks of trials and method were the 
same as the reading span task described above. Three capacity-demanding attentional 
tasks were administered, including the Paced Auditory Serial Attention Task (PASAT; 
Gronwall & Sampson, 1974), Oral Form of the Symbol Digit Modalities Test (SDMT; 
Smith, 1991), and the Visual Elevator subtest from the Test of Everyday Attention 
(Robertson, Ward, Ridgeway, & Nimmo-Smith, 1996). The PASAT is a serial attention 
task used that requires the participant to listen to a tape of random series of 61 numbers 
from 1 to 9. The participant is instructed to add the first number to the second and then 
continue to add the next number to the one that proceeds it (e.g. 1, 9 answer is 10, the 
next number is 3, which is added to 9 for an answer of 12, etc.) There are four trials of 
the PASAT; each trial presents the words at a faster pace. The Oral Form of the Symbol 
Digit Modalities Test is a substitution task. Participants are required to study a key of 
nine geometric designs paired with a number and then is given more geometric designs 
with no numbers paired and required to verbally substitute the number for the design. 
The Visual Elevator subtest involves participants to watch a picture of an elevator going 
up and down different floors. The elevator starts on the first floor and moves one floor 
each time it is presented. The elevator intermittently goes up or down in a random order. 
Participants must keep track of what floor the elevator is on and state it out loud to the 
examiner. Three capacity-nondemanding tasks were also administered, including the 
Incidental Recall subtest from the SDMT (Smith, 1991), delayed recognition of the 
California Verbal Learning Test (CVLT; Delis, Kramer, Kaplan, Ober, 1987), and the 
Faces subtest from the Rivermead Behavioral Memory Test (Wilson, Cockburn, &
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Baddeley, 1985). The Incidental Recall of the SDMT involves participants being given a 
sheet of paper that has 15 symbols in which all nine of the original symbols are included. 
The participant then must fill in the number that goes with the symbol without looking at 
the original key. The CVLT is a word list learning task similar to the RAVLT. 
Participants are required to learn a list of 16 words across five trials. There is an 
interference list with a free recall followed by a free recall of the original list. After this, 
there is a cued recall (e.g. giving the category of items, “items of clothing”) and a 20- 
minute delay. After the delay, another free recall of the original list is completed 
followed by another cued recall and lastly a delayed recognition. The delayed 
recognition involves the participant choosing nine words of the original list out of a total 
of 33 words (six from list B an 18 distractor words). The Rivermead Behaviorual 
Memory Test (RBMT) is a general everyday memory functioning test. The Faces subtest 
of the RBMT requires participants to recognize faces shown to the participant. This study 
found that depressed MS patients performed significantly worse on a measure of working 
memory capacity (reading span) but comparable on a short-term memory task (word 
span) to non-depressed MS patients and non-depressed controls. They also found that 
reduced working memory capacity predicted performance on all three of the capacity­
demanding cognitive tasks, but not with capacity-nondemanding tasks. They also found 
that the three groups did not significantly differ on interference (as measured by the 
reading task and CVLT) or forgetting tasks (as measured by the word span task, reading 
span tasks, and the CVLT), nor did they find any correlation between the reading span 
task and interference or forgetting. The authors are quick to point out that depression is
not the sole cause of working memory decline in the MS population, instead, they purport
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that depression may account for a significant amount of variance in working memory 
capacity impairment. Another study done by De Luca et al (1994) also looked at MS 
patients with depression specifically on neurological tasks and found MS patients scored 
comparably to the controls on delayed and recognition tasks. The MS group did score 
significantly worse in verbal learning and in information processing speed and efficiency. 
This study also found that the MS patients were significantly more depressed than the 
controls, which may explain some of the memory and learning difficulties.
Many studies have shown working memory impairment within MS individuals 
(e.g. D’Esposito, et al., 1996; Grigsby, Kaye, & Busenbark, 1994; Rao, et al., 1993; 
Ruchkin, et al., 1994), but some of these studies did not look specifically at the mediating 
factor of depression. Arnett, et al., (1999) purport that some of these studies excluded 
depressed MS individuals because of the possible confounding effects with such 
comorbidity. They also found that some studies have not measured depression at all, or 
have used depression assessment techniques that do not adequately separate symptoms of 
MS from psychological depression.
Time of Day and Memory
As historically reported by Folkard (1982) early researchers at the turn of the 20"’
century found that learning was faster in the morning and decreased significantly in the
evening. The main conclusions drawn from this early research was that memory
performance later in the day would show more deficits. By the 1930’s, researchers found
that sensory and motor performance tasks were better in the afternoon, but they still
couldn’t narrow down specifics on complex mental performance optimality. Interest in
this area died off until around the 50’s when applied researchers started noticing time of
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day trends with patients. Kleitman was the researcher who first began to notice the 
relationship between circadian rhythms, body temperature, and performance on specific 
tasks (i.e. visual search tasks are low upon immediate awakening and peaks about the 
same time as body temperature peaks). Kleitman also noted an interaction between 
circadian rhythms, body temperature, and speed of reaction time. He concluded from this 
finding, that either mental processes are possibly the result of chemical reactions (e.g. 
increased speed will increase reactions) or that the speed of processing depends upon the 
metabolic activity of the brain and when body temperature rises, the process of thinking 
speeds up (Folkard, 1982). From the history presented above, we can conclude that time 
of day effects have evolved through the century but yet still need further revision to see 
the actual effects this construct has on neurological performance.
Several studies have been reported that demonstrate changes in memory 
performance in participants tested at different times of day on memory tasks that are 
represented on the WMS-III. Folkard, Monk, Bradbury, and Rosenthal (1977) examined 
school children's memory at 0900 and 1500 for a tape-recorded passage (2,000 words). 
Memory was assessed with multiple-choice questions presented immediately after 
hearing the passage. Immediate memory performance showed a 10% decline from 0900 
to 1500; however, a reanalysis of the data revealed that the memory decline was primarily 
for the less important information in the passage (Folkard, 1980).
Most accounts of the impact of time of day on cognitive performance emphasize 
circadian changes in arousal or circadian changes in processing strategies (Folkard,
1982). The circadian rhythms theory basically states that according to one’s sleep wake 
pattern (based on a 24 hr cycle) there are increases in arousal which facilitate
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performance. Similarly, a straight out arousal theory purports that there are certain times 
of the day that one’s arousal is higher and at that time, individuals will perform better on 
a multitude of tasks. Accordingly, it is assumed that arousal levels, as measured by body 
temperature, should rise incrementally throughout the morning and peak sometime in the 
afternoon to evening (Folkard, 1982). These increases in arousal should increase 
performance to one’s optimal level and then it will start to decrease once that peak is met 
and performance will start to decrease as articulated by the Yerkes-Dodson law (Folkard, 
1982). This theory states that arousal increases as does performance on some task until 
arousal hits a peak level, at this point performance begins to shift downward on the last 
leg of the U, although arousal is still quite high (Folkard, 1982). To further explore the 
arousal theory, Flome and Osteberg (1976) looked at possible individual differences as 
measured by body temperature that could predict a person’s optimal level of arousal.
They suggest that there are morning and evening type people that will perform differently 
throughout the day on cognitive tasks based on arousal levels. They created a self-report 
measure, which indicted that 45% of adults can be classified as either moderate to 
extreme morning or evening types. Horne and Osteberg (1976) reported that E types had 
a lower body temperature in the morning than M types and showed a steady rise 
throughout the day reaching a peak in middle evening. M types on the other hand 
showed a steeper rise of temp in the morning, which leveled off to an earlier peak than E 
types. After peak time, there is an equally rapid decline in temp for both groups. Horne, 
Brass & Pettitt (1980) reported that morning types did better in the morning for a 
performance task and evening types improved across time of day. So, the effect of time 
of day is possibly dependent on the optimally preferred time of the individual.
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Prose Memory
Now that time of day has been shown to effect cognitive process, we turn to 
specific areas differentially affected by this construct. The first to be discussed is time of 
day effects on prose memory. It has been found that time of day makes a great difference 
on prose memory performance (Petros, Beckwith, & Anderson, 1990). Prose memory has 
been found to be better in the morning with a peak in mid-afternoon and another slight 
increase at the last testing time of the day, otherwise, the general trend is for a gradual 
decrease over the day (Folkard & Monk, 1979). Horne, Brass, & Pettitt (1980) reported 
that performance on a production-line inspection task was better for M types in the 
morning, while performance of E types improved across time of day. Petros, Beckwith, 
and Anderson (1990) demonstrated a similar pattern of results on a prose memory task. 
Participants listened to two easy and two difficult passages at either 0900, 1400, or 2000. 
Immediately after listening to each passage, written free recalls were obtained. The results 
indicated that recall decreased across time of day for M types but increased across time of 
day for E types.
Word Memory
Several studies have examined the impact of time of day on recall of word lists, 
but the results have been somewhat inconsistent (Jones, Davies, Hogan, Patrick, & 
Cumberbach, 1978). Folkard and Monk (1979) examined free recall of word lists at 
0800, 1100, 1400, 1700, and 2000. They reported that recall declined across time of day 
for words from both the primacy and middle positions of the word lists. Since recall from 
these positions in the list is thought to reflect the efficiency of rehearsal processes (Brodie 
& Prytulak, 1975), the results could reflect a decrease in the efficiency of working
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memory operations across time of day. Memory for words has to take into consideration 
recency and prerecency effects. There is some suggestion that time of day affects 
immediate recall of recency and prerecency items differently (Anderson, Petros, 
Beckwith, Mitchell, & Fritz, 1991). Folkard and Monk (1979) found that immediate 
recall of prerecency items showed an increase from early to mid morning and then a 
gradual decline across the day. Immediate recall of recency items however showed a w- 
shaped trend (decreasing from early to mid morning, increasing from mid to early 
afternoon, decreasing in early evening and then increasing after mid evening) (Folkard & 
Monk, 1979). The same authors have also found that immediate recall is better than 
delayed recall across all times of the day and the interaction suggests time of day changes 
may be mediated by strategy changes in encoding and storage. For instance in the 
morning, participants put more reliance on maintenance processing and less on 
elaborative processing than afternoon participants (Folkard & Monk, 1979).
Working Memory
Blake (1967) published one of the few studies that have examined the impact of 
time of day on working memory. Using an immediate recall of digit strings, Blake 
(1967) found that immediate memory improved from early to mid-morning (10:30) and 
then decreased throughout the rest of the day.
Digit Span Performance
The last area to be discussed, that time of day affects in memory performance, is
that of digit span. Briefly touched upon above, digit span has been found to get better
and eventually peak from early to mid morning and then gradually decreases across the
rest of the day (Folkard, 1982; Folkard & Monk, 1979). However, there are studies out
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there that have found no time of day differences or the opposite differences in digit span 
memory (Adams, Huddleston, Robson, & Wilson, 1972). It could be due to 
methodological flaws that these differences were found (Folkard, 1982). Here again, 
there is controversy in the actual effect of time of day on digit span memory performance. 
It is highly suggested that research in the area of digit span continue to search for the 
moderating effects of time of day.
Time of Day, Memory, and Multiple Sclerosis 
The interaction of time of day, memory, and MS has not really been looked at, 
however, other populations that are susceptible to time of day effects have shown memory 
impairment when testing is conducted at non-optimal time of day.
Many researchers have found that individuals regardless of age have an optimal 
time of day when they will perform the best in most types of cognitive testing (May, 
Hasher, & Stolzfus, 1993; Intons-Peterson, Rocchi, & West, 1998; Brown, Goddard, 
Lahar, & Mosley, 1999). Most older adults have a morning preference whereas younger 
adults show a preference in the evening (May, et al., 1993; Intons-Peterson, et al., 1998). 
In relation to the sleep studies to be discussed below, older adults have a tendency to go 
to bed at earlier times and wake up earlier due to a differing circadian cycle than their 
young counterparts. However, this early going to bed and rising may also have to do 
with social environmental considerations such as work, children, etc (Intons, et al., 1998). 
May, et al., (1993) ran a two-part study (one for time of day replication as mentioned 
above) in which they found that younger adults correctly recognized slightly more 
sentences than older adults when both groups were tested in the morning, the preferred
time of day for older adults. However, when tested in the afternoon, a preferred time of
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day for younger adults, younger adults correctly recognized significantly more sentences 
than the older adults did. Given that many participants in cognitive aging studies have 
been tested in the afternoon, May, et al., (1993) suggest that memory studies of older 
adults have underestimated memory performance in the elderly by testing older adults at 
their non-optimal time of day.
Intons-Peterson, et al., (1998) examined time of day preferences in young and old 
adults and also found that the majority of older adults prefer the morning as their optimal 
time of day while younger adults prefer activities later in the day. In addition, using a 
negative priming task, Intons-Peterson, et al., (1998) found that both younger and older 
adults tested at their preferred time of day showed negative priming.
May and Hasher (1998) did not find time of day effects on cognitive functions 
involving semantic knowledge. Brown, et al., (1999) reported that age significantly 
predicted performance on a Verbal Fluency and Trail-making test, but not on a 
Vocabulary test, while time of day testing did not predict performance for any of the three 
types of tasks. The authors argued that time of day of testing might have a larger effect 
on tasks that involve significant load on working memory.
Physiological measures, such as body temperature and levels of arousal, have 
shown that an individual’s optimal time of day does influence performance on memory 
tasks (Intons, et al., 1998). These authors also noted that diurnal patterns could explain the 
age-related differences in preferences for time of day. They suggest that differences in 
preference for optimality could be due to variations in circadian rhythms and differential 
activity levels during the day. There has been significant research on circadian rhythms 
and time of day which has found peak performance at specific levels of arousal, which
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happen consistently day to day at approximately the same time (Bodenhausen, 1990). In a 
study done by Intons-Peterson, et al., (1998), results showed that young adult’s attention 
increased and response latencies decreased over the day, which corresponded to body 
temperature fluctuations. So, these results could be used as a predictor that young adults 
should perform better at their optimal time. On the other hand, to explore the differential 
activity levels, it has been shown that people are more active during their preferred time of 
day and their cognitive activity is improved with increased physical activity (e.g., Albert, 
Jones, Savage, Berkman, Seeman, Blazer, & Rowe, 1995; Cook, Albert, Berkman, Brazer, 
Taylor, & Hennekens, 1995).
Memory tasks should then be at peak performance when the individual is tested at 
their optimal time of day. When optimality is held constant, it has been shown that age- 
related differences decrease, but do not fully diminish. May, et al., (1993) found that older 
participants read significantly slower and had better accuracy in the morning than the 
afternoon, which is suggestive that they were willing to put more time into the task at their 
optimal time. Younger adults did show better accuracy in the afternoon than the morning, 
which does mesh with their optimal times. May, et al., (1993) also found that in the 
morning there was no significant difference in accuracy between the younger and older 
adults, while in the afternoon younger adults had a substantial advantage over older adults.
Overall, younger adult’s performance improved from morning to afternoon while older 
adults declined from morning to afternoon (May, et al., 1993). This suggests that older 
and younger adults are equivalent in the morning but older adults are disadvantaged in the 
afternoon (May, et al., 1993).
In an unpublished masters thesis, Smith (2000), studied 48 older adults and 58
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younger college-aged adults to see if there was a time of day and aging effect on a 
shortened neuropsychology battery, including Word List subtest and Logical Memory 
subtest from the WMS-III. It was found that age differences in memory performance 
were moderated by the time of day participants were tested when memory for word lists 
was used but not memory for passages. When examining memory for word lists, older 
adults showed slower improvement with practice than younger adults when tested in the 
morning while no age differences in practice were found when tested in the afternoon. 
Overall, larger age differences in immediate memory for word lists were found when 
participants were tested in the afternoon than in the morning. The disadvantage of older 
adults tested in the afternoon was also evident when examining the short delay retention 
data. That is, age differences on tests of short delay memory were larger for participants 
tested in the afternoon even after performance was corrected for differences in immediate 
memory performance. In contrast to the word recall data, time of day did not moderate the 
size of age differences observed on the prose memory task. In fact, when examining recall 
of the number of thematic units recalled, no age differences were found. Based on these 
results using a susceptible population to time of day effects, it is hypothesized that 
continuing this type of study with a MS sample may find similar results. Based on all of 
the above literature, it is imperative that sleep, time of day, and disease state must be taken 
into consideration when doing any type of neurologically based performance tasks in order 
to correctly portray the differences that exist.
Current Study
The purpose of this research was to examine the impact of time of day of testing
and subjectively measured sleep effects on performance on a neuropsychological battery
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within a Multiple Sclerosis sample. It was found in an unpublished thesis by Smith 
(2000) that there was an age-related time of day effect on neuropsychological tasks 
similar to the tasks proposed for this study. Specifically, there was an age-related time of 
day effect on free recall of word lists as presented on the WMS-III between young and 
older participants across time of day. The younger adults performed better than the older 
adults, however, the size of the difference was significantly smaller in the morning when 
older adults were hypothesized to be tested at their optimal time of day. The subtests that 
were used were those that had been found to vary as a function of possible decreased 
cognitive functioning (e.g. aging) and time of day (i.e., prose, recall, word recall, and 
tests of working memory). We chose to use tasks from the WMS-III in order to enhance 
the application of our results for practitioners who work with neurocognitive assessment. 
A primary concern was to examine whether time of day moderates the size of disease- 





Seventy-four individuals were recruited for participation in this study. Thirty- 
four participants (F = 28 , M = 6) were physician confirmed multiple sclerosis patients 
and forty (F = 23 , M = 17) were demographically matched community based sample. 
Multiple sclerosis patients were recruited from a rehabilitation hospital in North Dakota, 
the Ann Arbor Veteran’s Affairs Medical Center in Michigan, and communities in North 
Dakota and Michigan. Control participants were recruited through fliers and ads from 
local communities near Grand Forks, North Dakota and Ann Arbor, Michigan and from 
undergraduate psychology courses at the University of North Dakota, which were of 
similar age, gender, and a similar number of years of education as the multiple sclerosis 
patients. We recruited control participants who were free of any previous neurological 
problems, who were not currently taking prescription medication with anticholinergic 
properties, and who did not have psychiatric or substance abuse related diagnoses.
Within the multiple sclerosis participants, seventeen participants were tested in the 
morning (at either 8.00 or 9.00) and seventeen multiple sclerosis participants were tested 
in the late afternoon (16.00 or 17.00). Within the control participants, sixteen participants 
were tested in the morning (at either 8.00 or 9.00) and twenty-four control participants 
were tested in the late afternoon (16.00 or 17.00).
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Materials
1. The Wechsler Memory Scale-Ill (WMS-III) is a standardized assessment of memory 
functioning used with adults between the ages of 16 to 89 years of age. This study used 
the Orientation, Mental Control, Digit Span, Logical Memory and Visual Reproductions 
subtests. The Information and Orientation subtest consists of simple questions covering 
biographical data such as “what year is it.” The Mental Control subtest requires 
recitation of a series of numbers, letters, months, etc. under time pressure (e.g. “say the 
alphabet, tell me the months of the year”). The Digit Span subtest consists of the 
examiner reading a series of digits and asking the examinee to say the digits in the same 
order. Next, the examiner reads a series of digits and asks the examinee to say them in 
the reverse order. The Logical Memory subtest consists of two short stories presented 
verbally to the participant. For this study, only one presentation of story B was 
administered due to physician preference and clinical time constraints. Immediately after 
each story was presented, the participant was asked to retell the stories from memory. 
After a delay of 25-35 minutes, the examinee was asked to retell both stories from the 
immediate condition. Then the examinee was also asked yes/no questions about both 
stories. The Visual Reproductions subtest consists of five geometric designs presented 
individually to the participant, each for ten seconds and then immediately requiring the 
participant to recall the design from memory. After a delay of 25-35 minutes, the 
examinee was asked to recall the designs from the immediate condition. Then the 
examinee was also shown a series of designs and asked to reply yes/no if the design was 
one that was presented.
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2. Weschler Adult Intelligence Scale-Portions; The Information and Similarities subtests 
of the WAIS-III are widely known to be an excellent estimate of premorbid verbally 
based intellectual functions, and it highly correlates with verbal and overall intelligence. 
The information subtest required participants to identify increasingly difficult general 
information questions. The similarities subtest required participants to come up with 
similar properties for two differing words of increasing difficulty. The similarities 
subtest also measured reasoning ability of the participant and bases the scores on the 
quality of the response as compared to the normative sample. Only portions of each test 
were administered due to physician preference and clinical time limitations. Also, the 
neuropsychologist associated with this study only looked at the answers to these subtests 
in a qualitative fashion, so no statistics were run on this data due to a lack of 
quantification.
3. Boston Naming Test: A confrontational naming task that assessed the ability to name 
pictured objects. Participants were shown a series of pictures and asked to name them. 
The standard phonemic and semantic cueing portion of this test was not administered 
again due to physician preference and clinical time limitations.
4. Controlled Oral Word Association; A spontaneous production of words task 
beginning with a given letter of the alphabet under time constraints. Also a semantic 
fluency task under the same time constraints. Participants were given a letter of the 
alphabet and then asked to produce as many words as he/she could starting with that 
letter for a minute. Participants were then given a category and asked to name as many 
items in that category as he/she could within a minute.
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5. California Verbal Learning Test: An assessment of the strategies and processes used 
in leaning and remembering verbal material presented as a list of shopping items. 
Participants were presented with a list of shopping items over trials to assess learning. 
There was a distractor list presented and immediate memory after interference was 
assessed. Cued recall was also assessed after interference was presented. After a 25- 
minute delay, participants were asked to recall as many items from the first list as he/she 
could. A cued recall was again administered as well as a recognition task.
6. Beck Depression Inventory (BDIT The BDI is a 21-item, self-report measure of 
depression developed by Beck, Ward, Mendelson, and Erlbaugh (1961), which has been 
widely used in clinical settings. It measured affective, behavioral, cognitive, and somatic 
symptoms of depression. Each item consisted of four self-evaluative statements, with 
intensity scores that range from 0 to 3. A high construct validity of this instrument has 
been reported as well as high correlation with other depression scales (Beck & 
Beamesderfer, 1974).
7. Geriatric Depression Scale. (See Appendix 1). The GDS is a 30-item instrument 
employing a yes/no format developed by Brink and his associates (Brink, Yesavage,
Lum, Heersema, Adey, & Rose, 1982) for use with an older population. It excludes items 
that are confounded with normal aging and diseases associated with older ages and 
assesses primarily psychological components of depression. Validity with respect to 
depression late in life compares favorably with the Hamilton, Beck, and Zung depression 
scales (Brink et al., 1982; Hyer & Blount, 1984). There are some studies concluding that 
the GDS is sufficiently reliable to use with young adults (Brink & Niemeyer, 1992;
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Ferraro & Chelminski, 1996). The GDS has been shown to be a quick, self-report, 
screening measure for “probable” depression, and as reliable as the BDI.
8. The Epworth Sleepiness Scale (ESS, Johns, 1991; See Appendix 2). The ESS is a 
simple, self-administered questionnaire, which provides a measure of the participant’s 
general level of daytime sleepiness. The ESS is composed of 8 questions referring to 
specific situations in which the participant could fall asleep and the chance of each 
happening. Participants were asked to rate on a Likert type scale how likely they would 
be to doze off or fall asleep in those 8 situations, based on their “normal” routine in 
recent time.
9. Clock Drawing Test: This is a clinical screening task for visual spatial and 
constructional disabilities. The participant was required to draw a clock free hand and set 
the hands to a specified time. The participant was then asked to copy a preconstructed 
clock.
10. Narrative Writing Sample: This is a measure of verbal ability. Participants were 
asked to write 3-4 sentences about a presented picture.
11. Physiological measurements: Systolic and diastolic blood pressure, temperature, 
current multiple sclerosis status (if applicable), and heart rate were assessed at the testing 
appointment by the principle investigator or a trained research assistant.
12. Demographic questionnaire asking age, birth date, gender, education level, and 
current or former occupation.
13. Acute Sleep Questionnaire: (See Appendix 3). A brief measure of quality and 
latency of night and daytime sleep as well as restfulness.
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14. Multiple Sclerosis Quality of Life Inventory: (See Appendix 4). This is a measure 
of disability related to symptoms typically associated with multiple sclerosis. Four main 
symptom clusters are presented, including mobility, fatigue, bladder control, and visual 
impairment. Participants were asked to rate on a Likert type scale how true each 
statement has been for himself/herself.
Procedure
Control participants were community residing individuals recruited by a variety of 
advertisements or research sign-up, matched demographically with multiple sclerosis 
individuals. These participants called in if they were interested in participation in this 
study or if they wanted more information before making his/her decision. Participants 
were asked to bring in a list of their current medications as listed on the bottle as well as 
instructed to bring in any assistant devices necessary for participation in this study (e.g. 
glasses, hearing aid, etc.). The medications were then checked against the Physician’s 
Desk Reference for any anticholinergic properties. The control participant data was not 
seen or interpreted by any of the Neurologists or Neuropsychologists affiliated with this 
study. Control participants did not have a feedback session as their results were not 
interpreted and were only used as raw data to compute group means. Control participants 
were offered class extra credit according to their professors policy for participation if 
he/she was currently enrolled in an UND psychology course. All other control 
participants were offered a $20 honorarium.
Multiple sclerosis participants were recruited from a rehabilitation hospital in 
Grand Forks, ND, the Veteran’s Administration Medical Center in Ann Arbor, MI, and 
local communities in North Dakota and Michigan. Participants from the rehabilitation
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hospital in ND were recruited with the assistance of a Neurologist and 
Neuropsychologist. The hospital identified which of their patients meet the diagnostic 
criteria for multiple sclerosis and were the only participating party that had access to all 
of the multiple sclerosis patient’s names and addresses. A letter was sent to each patient 
informing him or her that we were seeking their participation in our study. Envelopes and 
blank address labels were provided to the hospital that included the letter, as to protect 
the confidentiality of the multiple sclerosis patients. If the patient declined to participate, 
they were not contacted further. Participants from the Veteran's Administration Medical 
Center in Ann Arbor, MI were recruited through local ads and fliers requesting persons 
with multiple sclerosis to call a local number to learn more about this study or to sign up 
for a testing time. Multiple sclerosis patients that had a prior history of substance abuse 
were excluded from the study. Multiple sclerosis patients were not ruled-out because of 
neurological deficits, taking prescription medications with anticholinergic effects, or a 
psychiatric history. A listing of the medications that each multiple sclerosis patient was 
taking was provided by the patient. The medications were checked against the 
Physician’s Desk Reference for any anticholinergic properties. Additionally, multiple 
sclerosis participants were required to provide documentation regarding his/her diagnosis. 
A letter was sent, with verbal permission and a signed release of information from each 
participant, to each multiple sclerosis participants’ primary physician or neurologist. The 
neurologist or physician sent back a preprinted form confirming a diagnosis of multiple 
sclerosis, provided the date of diagnosis, and if available the Kurtzke Disability Scale.
The testing took place at either 8-10 am or 3-5 pm for both conditions. All 
participants were tested individually in a private assessment room in North Dakota and in
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Michigan. The informed consent was given and each participant was asked if he/she has 
any questions before beginning. Each participant's identification number, age, education 
level, birth date, occupation history, medical history, current medications, date tested, 
handedness, and date of diagnosis were noted.
After filling out the informed consent, the following measures were administered 
in the following order: 1. Demographic questionnaire; 2. Orientation and Mental 
Control subtests of the Weschler Memory Scale-Ill; 3. Physiological measurements; 4. 
Boston Naming Test; 5. Controlled Oral Word Association; 6. Logical Memory subtest 
of the Weschler Memory Scale-Ill; 7. Visual Reproductions subtest of the Weschler 
Memory Scale-Ill; 8. California Verbal Learning Test; 9. Digit Span subtest from the 
Weschler Adult Intelligence Scale; 10. Geriatric Depression Scale; 11. Similarities 
subtest from the Weschler Adult Intelligence Scale; 12. Information subtest from the 
Weschler Adult Intelligence Scale; 13. Free hand and copy Clock Drawing Test; 14. 
Narrative Writing Sample; 15. Delayed Logical Memory subtest of the Weschler 
Memory Scale-Ill (25-35 minutes after the immediate condition); 16. Logical Memory 
Delayed Cued Recall subtest of the Weschler Memory Scale-Ill; 17. Delayed Visual 
Reproductions Recall subtest of the Weschler Memory Scale-Ill (25-35 minutes after the 
immediate condition); 18. Delayed Visual Reproductions recognition subtest of the 
Weschler Memory Scale-Ill; 19. Delayed California Verbal Learning Recall (25-35 
minutes after the immediate condition); 20. Beck Depression Inventory; 21. Epworth 
Sleep Scale; 22. MS Quality of Life Inventory; and 23. Acute Sleep Quality 
Questionnaire.
64
The demographic information was collected first. Then orientation and mental 
control were completed and after the participants had a few moments to rest, blood 
pressure, heart rate, and body temperature were obtained from each participant.
The participants were then administered the Boston Naming Test and Controlled 
Oral Word Test. After completion of the language testing, the Logical Memory subtest 
was administered. The Logical Memory subtest consisted of two different short passages 
read by the examiner out loud. Immediately after hearing each passage, the participant 
had to retell the story from memory. While waiting 25-30 minutes for the delayed portion 
of the Logical Memory subtest, the Weschler Memory Scale Visual Reproduction subtest 
was administered. The Visual Reproductions subtest consisted of showing five geometric 
designs one at a time for ten seconds. Immediately after seeing each design, the 
participant had to recall and draw the design from memory. While waiting 25-30 minutes 
for the delayed portion of the Visual Reproduction subtest, the California Verbal 
Learning Test was administered. The California Verbal Learning Test consists of the 
participant listening to the examiner read a list of 16 semantically related words. The 
participant was asked to immediately recall the words in any order possible. This process 
was repeated for five additional trials using the same list of words in the same order.
Then the participant heard a new list of 16 words and immediate recall was obtained. The 
participant was then asked to recall as many of words as possible from the first list in any 
order. Finally, the participant was asked to name all of the items he/she could recall in 
each of the four categories presented. While waiting for the 25-35 minute delay the 
participants were administered the Digit Span subtests. The Digit Span Forward section 
presented a sequence of digits and required the examinee to repeat the digits in the same
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sequence. The Digit Span Backward section presented a sequence of digits and asked the 
participant to repeat the same digits but in the reverse order. Sequences of increasing 
length were administered.
During the continued delay, participants were then administered the Geriatric 
Depression Scale, portions of the Similarities subtest from the Weschler Adult 
Intelligence Scale, portions of the Information subtest from the Weschler Adult 
Intelligence Scale, Free hand and copy Clock Drawing Test and the Narrative Writing 
Sample.
When 25-35 minutes elapsed since the presentation of the Logical Memory 
passages, the participant was asked to recall the stories presented earlier. When recall 
was completed the experimenter asked the participant 15 yes/no questions about each 
passage to test for recognition of the stories.
When 25-35 minutes elapsed since the presentation of the Visual Reproduction 
subtest, the participant was asked to recall the designs presented earlier. When recall was 
completed the experimenter presented the participant with 48 designs, one at a time, 
which included the original designs presented. The participant was then asked to indicate 
if the design was one of the original stimuli shown to test for recognition.
Twenty-five to thirty-five minutes after the completion of the California Verbal 
Learning Test, the participant was asked to recall the first list learned in that immediate 
condition. Then a recognition test occurred in which the participant heard 44 words read 
by the experimenter, after each word the participant indicated if the word was on the 
original list. Participants were then asked to complete the ESS, BDI, Acute Sleep Quality 
Questionnaire and the Multiple Sclerosis Quality of Life Inventory.
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Once the testing was completed the participants were free to go. All participants 
were then given their honorarium upon completion of the study. Once all of the patient’s 
data was collected it was scored and entered into the computer for statistical analysis. 
Inter rate reliability was completed on the WMS-III Logical Memory and Visual 
Reproduction scales to assure consistency in scoring. The second scorer was a doctoral 
level psychology intern that had a high degree of familiarity with the WMS-III scoring 
procedures. The interrater reliability for the Logical Memory subtest ranged from .97 
to.98 across delay trials. The interrater reliability for the Visual Reproduction subtest 




The means and standard deviations for Age and Education Level are presented in 
Table 1. Demographic data was analyzed with a series of 2 (MS diagnosis) x 2 (Time of 
Day) analyses of variance (Anovas). An analysis of the participant’s Age showed a 
significant main effect for MS diagnosis F( 1, 70) = 1916.19,;?< .001. Participants with 
multiple sclerosis (M=40) were significantly older than the control participants (M= 34). 
A significant main effect was also found for Education F(1, 70) = 29.75,p<.05. Multiple 
sclerosis participants (M= 15.2) were significantly more educated than their control 
counterparts (M= 13.8). An interaction of Time of Day x MS diagnosis F(\, 70) = 8.64, 
p <.01 was also found for Education. A subsequent analysis (Tukey test) of the two-way 
interaction indicated that multiple sclerosis participants that were tested in the morning, 
were significantly more educated than control participants tested in the morning, and 
multiple sclerosis participants tested in the afternoon. Due to the above findings of 
significant age and education differences between our groups, subsequent analyses of 
covariance were computed with only age as a covariate, only education as a covariate and 
both age and education as covariates to examine if any significant effects involving 
multiple sclerosis diagnosis and time of day were the result of confounds of age and 
education level. The results of the unadjusted and adjusted analyses will be presented for 
all subsequent data.
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Table 1. Demographic Information as a Function of Multiple Sclerosis Diagnosis and 
Time of Day of Testing
MS Control MS Control
Morning Morning Afternoon Afternoon
Total N 17 16 17 24
Females 13 11 15 12
Males 4 5 2 12
Age Mean 47.65 35.56 46.82 38.29
SD 10.12 8.32 13.77 9.76
Education Mean 16.24 13.38 14.00 14.29
SD 2.96 1.44 2.55 1.94
Descriptive statistics were computed for each of the depression measures. A 2 
(MS diagnosis) x 2 (Time of Day) Anova was conducted separately for the Beck 
Depression Inventory (BDI) and the Geriatric Depression Scale (GDS) (see Table 2). 
The results produced a significant main effect for MS diagnosis for the BDI, F( 1, 70) 
=17.24,/»<.001, and the GDS, F(1,70) =25.03,p<.001. The multiple sclerosis 
participants (Mr= 9.6; M= 9.5g) scored significantly higher on both depression 
inventories than their control counterparts (M= 4.2b; M= 3.4q). A series of 2 (MS 
diagnosis) x 2 (Time of Day) analyses of covariance (ANCOVAs) were also run on this 
data with age only, education only, and both age/education as covariates, and the pattern 
of results did not change.
Table 2. Beck Depression Inventory (BDI) and the Geriatric Depression Scale (GDS) 









BDI Mean 8.29 3.81 10.82 4.58
SD 7.4 3.33 5.62 4.92
GDS Mean 8.12 2.81 10.94 4.04
SD 7.07 2.56 6.04 4.15
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The total score of the Epworth Sleepiness Scale (ESS), a daytime sleepiness measure, and 
the subscale scores (time taken to fall asleep, number of nocturnal wakings, total time 
spent awake during wakings, total dreams recalled, subjective rating of quality of prior 
night’s sleep, naps taken during the prior day, total time spent napping, a subjective 
rating of how rested the participant felt after waking, and total prior night’s sleep) of the 
Acute Sleep Questionnaire (ASQ), a measure of sleep quantity, quality, and efficiency, 
were calculated and the means and standard deviations are shown Table 3. The ESS was 
analyzed with a one-way Anova and no significant effects were found. A series of one­
way ANCOVAs were also run on the ESS with age only, education only, and both 
age/education, and no change in the pattern of results was found. A one-way Anova was 
also completed for the Acute Sleep Questionnaire subscale scores. There were no 
significant effects of Time of Day or MS diagnosis on any of the subscales for the 
unadjusted Anovas or ANCOVAs.










Acute Sleep Time to fall Mean 29.46 43.5
Questionnaire asleep SD 35.03 56.16
Number of Mean 1.88 1.58













Acute Sleep Dreams Mean .385 .583
Questionnaire SD .506 .793
Quality of Sleep Mean 2.12 2.17
SD 1.12 .718
Naps taken Mean .231 .583
SD .599 .793
Total time of Mean 18.46 43.75
naps SD 58.14 56.29
Rested Mean 2.15 2.33
SD .427 .862
Total time asleep Mean 434.15 437.75
SD 78.73 126.45
The average number of years since the participants were diagnosed with multiple 
sclerosis is presented in table 4. Additionally, the multiple sclerosis quality of life 
questionnaire was scored for each multiple sclerosis participant, producing a total score 
and a score for each subscale (mobility, modified fatigue, bladder control, and impact of 
visual impairment scales). A comparison of the multiple sclerosis participants tested in 
the morning and evening was accomplished using a series of one-way Anovas. A 
significant effect was found for Time of Day on the Mobility symptoms F( 1 ,28)=4.3, 
/?<.05. Multiple sclerosis participants tested in the afternoon (M=l 1.67) reported 
significantly more mobility symptoms than those multiple sclerosis participants tested in 
the morning (M=6.93). A series of one-way ANCOVAs were run on this data with age 
only, education only, and both age/education as covariates. When age only, education 
only, and age/education were used as covariates there was no change in the pattern of
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results. A series of one-way Anovas completed on the modified fatigue symptoms, 
bladder control symptoms, impact of visual impairment scale and the total number of 
symptoms endorsed by the multiple sclerosis participants revealed no significant effects. 
A series of one-way ANCOVAs were also run on this data with age only, education only, 
and both age/education as covariates, and no change in the pattern of results was 
observed.
Table 4. Years Since Diagnosis and Multiple Sclerosis Quality of Life Inventory Scores 
as a Function of Time of Day of Testing for Multiple Sclerosis Participants
MS MS
Morning Afternoon
Years of Dx Mean 14.10 7.64
SD 12.18 8.79
MS Quality of Life Questionnaire 
Mobility Mean 6.93 11.67
SD 4.67 7.51
Fatigue Mean 7.20 10.73
SD 4.60 6.25
Bladder Control Mean 3.40 4.93
SD 4.07 4.68
Visual Mean 2.00 3.67
Impairment
SD 4.39 5.72
Total Symptoms Mean 19.53 31.00
SD 14.79 21.30
The number of pictures correctly named was computed for each participant on the 
Boston Naming Test. Also, the number of words produced to a letter and to a category 
was computed for each participant on the Controlled Oral Word Association Test 
(COWAT). A 2 (MS diagnosis) x 2(Time of Day) Anova was computed separately on
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the scores from the Boston Naming Test and the COWAT. Means and standard
deviations for these measures are presented n Table 5. There were no significant effects
found on the correct number of items identified on the Boston Naming Test or either
verbal fluency measure. A series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs
were also run on both language measures with age only, education only, and both
age/education as covariates, and the pattern of results did not change.
Table 5. Boston Naming Test (BNT) and Controlled Oral Word Association Test 










Boston Mean 54.29 55.06 54.76 53.58
Naming SD 3.08 8.80 2.31 4.82
COWAT
Phonemic Mean 12.29 11.38 11.53 13.96
Fluency SD 4.04 4.00 3.74 4.99
Semantic Mean 22.00 22.06 19.18 22.7
Fluency SD 5.09 2.93 4.56 6.57
Descriptive statistics were run on the raw scores tabulated according to the 
standardized instructions on the WMS-III for the digit-span subtest (see Table 6). There 
are three calculations computed from the digit-span subtest. The first computation is 
completed for both the forward and backward portions and is called the digit span; this 
result reveals how many numbers in a row the participant was able to recall out of a total 
possible eight numbers in a row. The second computation is also computed for the
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forward and backward portions and is called the digit score; this result reveals the number 
of trials correctly completed out of a total possible score of 14. The last computation is 
the total digit span scores summed across forward and backward portions for a total 
possible of 15 as well as the total digit scores summed across forward and backward 
portions for a total possible of 26. A series of 2 (MS diagnosis) x 2 (Time of Day) 
Anovas were run on each of these measures. Analyses of the digit forward and the digit 
backward span showed no significant effects. A series of 2 (MS diagnosis) x 2 (Time of 
Day) ANCOVAs were also run on this data with age only, education only, and both 
age/education as covariates, and the pattern of results did not change. No significant 
effects were found for MS diagnosis or time of day on digits forward or backward score. 
A series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run on this data 
with age only, education only, and both age/education as covariates, and the pattern of 
results did not change. A series of 2 (MS diagnosis) x 2 (Time of Day) Anovas were run 
on the total digit span and total digit span scores and revealed no significant effects. A 
series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run on this data with 
age only, education only, and both age/education as covariates, and the pattern of results 
did not change.
Table 6. WMS-III Digit Span Test Scores as a Function of Multiple Sclerosis Diagnosis









Digit Forward Mean 6.59 6.75 6.41 6.46
Span SD 1.33 1.06 1.00 1.25
Digit Backward Mean 5.35 5.38 4.82 4.92











Digit Total Mean 12.24 12.13 11.59 11.38
Span SD 2.73 2.19 2.48 2.10
Digit Forward Mean 9.76 10.13 10.00 9.83
score SD 2.33 2.25 1.94 2.24
Digit Backward Mean 7.65 7.69 6.88 7.29
score SD 2.21 2.82 1.69 2.18
Digit Total score Mean 17.12 17.81 16.53 17.13
SD 3.82 4.67 3.02 3.83
Descriptive statistics were also run on the raw scores tabulated according to the 
standardized instructions on the WMS-I1I for the orientation (e.g. correctly identify the 
date, floor, hospital, etc.) and abbreviated mental control tasks (e.g. recite the months of 
the year, recite the months of the year backward, and count by threes) see Table 7. A 
series of 2 (MS diagnosis) x 2 (Time of Day) Anovas were run on each of these 
measures. Initial analysis of the Orientation subtest showed that all subjects were within 
.31 points of the ceiling and were within clinically normal limits. An analysis of the 
Orientation data showed an interaction for MS diagnosis x Time of Day on the 
abbreviated orientation subtest of the WMS-III when an unadjusted analyses was 
completed F(1, 68)=6.032,/?<.05. The multiple sclerosis participants tested in the 
morning (M=7.69) scored significantly lower on the orientation subtest than the multiple 
sclerosis participants tested in the afternoon tM=8.0~) and the control participants tested in 
the morning (M=7.94). The control participants tested in the afternoon did not 
significantly differ from the control participants tested in the morning. It should be noted
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that the highest score available on the Orientation scale is an 8, thus the interaction 
reported above may be the product of a ceiling effect. A series of 2 (MS diagnosis) x 2 
(Time of Day) ANCOVAs were also run on this data with age only, education only, and 
age/education as covariates and the pattern of results did not change. The total number 
correct for each mental control task, the total time to complete each mental control task 
and the total number of errors are presented in Table 7, summed across all three mental 
control tasks. A series of 2 (MS diagnosis) x 2 (Time of Day) Anovas were run on the 
total items correct of the mental control tasks and no significant effects were found. A 
series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run on this data with 
age only, education only, and both age/education as covariates, and the pattern of results 
did not change. A series of 2 (MS diagnosis) x 2 (Time of Day) Anovas were run on the 
total time taken to complete all three of the mental control tasks and no significant effects 
were found. A series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run 
on this data with age only, education only, and both age/education as covariates that 
showed when age was used as a covariate a significant interaction effect of Time of Day 
x MS diagnosis F(1, 68)=3.972,p<.05 was found. The means and standard error for this 
interaction are presented in Table 7. The subsequent analysis of the two-way interaction 
indicated that multiple sclerosis participants that were tested in the afternoon (M= 43.19 
seconds) completed the mental control tasks more slowly than the multiple sclerosis 
participants tested in the morning (M= 33.05 seconds) and the controls participants tested 
in the afternoon (M=35.45). The size of the time of day difference for multiple sclerosis 
participants was 23.5%, while the size of the time of day effect for control participants 
was 7.6%. The difference between multiple sclerosis participants tested in the afternoon
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as compared to control participants tested in the afternoon was 17.9% slower completion, 
while the difference between multiple sclerosis participants tested in the morning as 
compared to control participants tested in the morning was 13.8% faster completion. The 
morning multiple sclerosis participants actually had the fastest time of completion out of 
all of the groups. A series of 2 (MS diagnosis) x 2 (Time of Day) Anovas were run on 
the total number of errors found on the mental control tasks and no significant effects 
were found. A series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run 
on this data with age only, education only, and both age/education as covariates that did 
not change the observed pattern of results.
Table 7. WMS-III Orientation and Mental Control Scores as a Function of Multiple 









Orientation Unadjusted Mean 7.69 7.94 8.00 7.80
SD .602 .250 .000 .415
Mental Control Unadjusted Mean 36.41 34.5 37.00 36.46
Total Correct SD 2.96 4.69 1.41 3.16
Mental Control Unadjusted Mean 35.06 36.37 44.66 34.38
Total Time SD 9.37 13.96 17.85 13.98
Mental Control Adjusted Mean 33.05 38.35 43.19 35.45
Total Time SE 3.46 3.55 3.50 2.84
Mental Control Unadjusted Mean .647 .625 .625 0
Total Errors SD 2.18 2.00 1.36 0
Descriptive statistics run for the physiologic measurements (diastolic blood 
pressure, systolic blood pressure, heart rate, and temperature) and means and standard 
deviations are presented in table 8. A series of 2 (MS diagnosis) x 2(Time of Day)
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Anovas were run on this data. A main effect approached significance for MS diagnosis 
on systolic blood pressure F(1, 64)=3.479,/?<.06. The multiple sclerosis participants 
(M=l 19.66) had lower systolic blood pressure than the control participants (M=127.29). 
A series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run on this data 
with age only, education only, and both age/education as covariates. When education 
was used as a covariate the same approaching significance effect of MS diagnosis was 
found. When age and age/education were used as covariates a significant main effect of 
MS diagnosis was found for both covariates, F(1, 63)=5.026,;?<.05 and F(T, 62)=4.856, 
/K.05 (respectively) in the same direction as the unadjusted analysis. A 2 (MS 
diagnosis) x 2(Time of Day) Anova was completed on the diastolic blood pressure and 
showed no significant effects. A series of 2 (MS diagnosis) x 2 (Time of Day) 
ANCOVAs were also run on the diastolic blood pressure data with age only, education 
only, and both age/education that showed when age was used as a covariate a main effect 
for MS diagnosis was found on diastolic blood pressure F(1, 63)=3.93, p<.05. The 
multiple sclerosis participants (M=74.92) had lower diastolic blood pressure than the 
control participants (M=80.26). A series of 2 (MS diagnosis) x 2 (Time of Day) Anovas 
were also run on heart rate and temperature and found no significant effects for the 
Anova or ANCOVAs completed on the data.










Heart Rate Mean 71.93 77.63 76.36 76.30
SD
Blood Pressure
11.82 11.04 12.35 10.42
Systolic Mean 119.40 128.50 119.93 126.09











Diastolic Mean 75.40 78.75 76.43 80.17
SD 11.62 11.28 9.87 8.86
Body Mean 97.91 97.65 98.28 97.90
Temperature SD .676 .818 .888 .968
California Verbal Learning Test fCVLT) Analysis
The number of words recalled during immediate recall was computed for each 
participant at each trial of the CVLT. The means and standard deviations are shown in
table 9.
Table 9. California Verbal Learning Test Immediate Recall Unadjusted Means as a 











Trial 1 Mean 6.47 7.13 6.65 7.71
SD 1.37 1.78 2.15 2.37
Trial 2 Mean 9.24 9.94 9.65 9.79
SD 1.39 1.88 3.39 2.40
Trial 3 Mean 10.29 11.56 9.94 11.13
SD 1.86 1.97 3.11 1.92
Trial 4 Mean 11.41 12.13 11.00 12.08
SD 2.37 2.03 2.92 1.96
Trial 5 Mean 12.06 12.13 11.35 12.75
SD 2.05 1.89 2.96 2.25
A 2 (MS diagnosis) x 2 (Time of Day) x 5 (Trials) mixed Anova was conducted. A main 
effect of Trials F(4, 280)= 197.425, p <.001 and a subsequent Tukey test revealed that all 
participants recalled significantly more words as trials increased with mean recalls of 7.1,
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9.7, 10.8, 11.7 and 12.1 for trials one to five respectively. A series of 2 (MS diagnosis) x 
2 (Time of Day) x 5 (Trials) mixed ANCOVAs were also run on this data with age only, 
education only, and both age/education as covariates that showed the same main effect of 
Trials. Additionally from this ANCOVA, when education was used as a covariate, a 
three way interaction of Trials x Time of Day x Multiple Sclerosis F(4, 276)=2.26, 
p<.06, approached significance (see Table 10). Multiple sclerosis participants recalled 
fewer words on all trials with the exception of the fifth trial in the morning, where 
multiple sclerosis participants actually did better than controls. An analysis of the 
differences between multiple sclerosis participants and control participants tested in the 
morning across trials was 11.39%, 8.98%, 9.7%, 5.99%, 2.68% while the differences 
between multiple sclerosis participants and control participants tested in the afternoon 
was 13.54%, 1.26%, 10.78%, 8.95%, and 11.3%. Only on the third trial between the 
multiple sclerosis participants and control participants tested in the morning was the 
difference in recall between multiple sclerosis and control participants significant. All 
comparisons between multiple sclerosis participants and control participants tested in the 
afternoon approached significance with the exception of the second trial between groups. 
Overall, the size of the group difference was smaller when multiple sclerosis participants 
were tested in the morning. There were no further main or interaction effects that 
involved only Time of Day or MS diagnosis.
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Table 10. California Verbal Learning Test Immediate Recall Adjusted Means as a 
Function of Multiple Sclerosis Diagnosis and Time of Day of Testing
MS Control MS Control
Morning Morning Afternoon Afternoon
Word Trial 1 Mean 6.37 7.19 6.67 7.72
Lists SE .523 .516 .491 .411
Adjusted
Trial 2 Mean 9.11 10.01 9.68 9.80
SE .624 .616 .586 .491
Trial 3 Mean 10.39 11.50 9.92 11.12
SE .586 .579 .551 .462
Trial 4 Mean 11.40 12.13 11.00 12.08
SE .606 .599 .569 .477
Trial 5 Mean 12.30 11.97 11.29 12.73
SE .601 .594 .565 .473
The rate of learning the word list was also examined by computing the slope of 
the line relating recall to trials for each participant (see Table 11). One measure of slope 
used was the calculation suggested by the authors of the CVLT (e.g. list 5 -  list 1). A 
second slope measure used in multiple regression analyses was also computed 
(Pedhauzer & Schmelkin, 1991). A 2 (MS diagnosis) x 2 (Time of Day) Anova was 
conducted on each of these measures. No significant effects were found with the 
unadjusted analyses on the CVLT calculation. A series of 2 (MS diagnosis) x 2 (Time of 
Day) ANCOVAs were also run on this data with age only, education only, and both 
age/education as covariates, and the observed pattern of results did not change. The 
second slope measure also showed no significant effects. A series of 2 (MS diagnosis) x 2 
(Time of Day) ANCOVAs were also run on this data with age only, education only, and 
both age/education as covariates, and the pattern of results observed did not change.
8 1
Table 11. California Verbal Learning Test Learning Slope and List B Recall as a 









Learning Slope Mean 5.59 5.00 4.71 5.04
(T5-T1) SD 2.03 1.97 2.31 1.97
Learning Slope Mean 1.79 1.60 1.51 1.61
(Mreg) SD .669 .528 .498 .531
List B Mean 6.29 7.19 6.18 7.13
SD 1.57 1.47 1.74 2.03
The number of words recalled from the distractor list, List B, presented after trial 
5 and before the short delay recall of the first list was examined using a 2 (MS diagnosis)
x 2 (Time of Day) Anova. The means and standard deviations are presented in Table 11.
A main effect was found for MS diagnosis F(1, 70)=4.98,/><.05. The control 
participants (M=7.16) recalled significantly more words than the multiple sclerosis 
participants (M=6.24) on List B. A series of 2 (MS diagnosis) x 2 (Time of Day) 
ANCOVAs were also run on this data with age only, education only, and both 
age/education as covariates, and the same pattern of results were found. A 2 (MS 
diagnosis) x 2 (Time of Day) Anova was also run comparing the difference of trial 1 
acquisition to List B acquisition as suggested by the CVLT. No significant effects were 
found for the unadjusted or adjusted analyses.
An analysis of the short delay recall of List A was initially examined with a 2 
(MS diagnosis) x 2 (Time of Day) Anova (see Table 12). A main effect was found for 
MS diagnosis for the unadjusted analyses F(1,70)=8.58,p<.01. More words were 
recalled by the control participants (M=l 1.20) than the multiple sclerosis participants
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(M=8.97). A series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run on 
this data with age only, education only, and both age/education as covariates. When 
education was used as a covariate a similar effect was found as in the unadjusted 
analyses. When age and age/education were used as covariates no significant effects 
were found. Since short-delay memory performance may be influenced by the degree of 
original learning, overall retention was examined in three ways (see Table 10). The first 
calculation compared the difference between trial five recall and short-delay recall for 
each participant and was submitted to a 2 (MS diagnosis) x 2 (Time of Day) Anova. A 
main effect was found for MS diagnosis F(1, 70)=7.866,/K.01. Multiple sclerosis 
participants (M=2.74) had more forgetting than the controls (M=1.24). A series of 2 (MS 
diagnosis) x 2 (Time of Day) ANCOVAs were also run on this data with age only, 
education only, and both age/education as covariates, and the pattern of results did not 
change. The second retention method corrected for original learning by taking the 
difference of trial 5 acquisition minus the short delay recall divided by trial 5 acquisition. 
A 2 (MS diagnosis) x 2 (Time of Day) analysis on this calculation showed a main effect 
for MS diagnosis F(1, 70)=10.68,p<.01. The multiple sclerosis participants (M= .254) 
experienced significantly more forgetting than the control participants (M=.009). A 
series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run on this data with 
age only, education only, and both age/education as covariates, and did not change the 
observed pattern of results. The third retention calculation came from the CVLT and is 
computed by dividing the Short Delay Recall by Trial 5 recall and then multiplying by 
100 (CVLT Retention). A 2 (MS diagnosis) x 2 (Time of Day) Anova was run on this 
calculation and found a significant main effect for MS diagnosis F(1, 70)=10.68, /?<.01.
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The control participants (M=90.2) had a significantly higher percent retention than the 
multiple sclerosis participants (M=74.6) as calculated on the CVLT. A series of 2 (MS 
diagnosis) x 2 (Time of Day) ANCOVAs were also run on this data with age only, 
education only, and both age/education as covariates, and the pattern of results did not 
change.
Table 12. California Verbal Learning Test Short Delay Recall and Short Delay Retention 









Words Time 5 Mean 12.06 12.13 11.35 12.75
SD 2.05 1.89 2.96 2.25
Short delay Mean 9.59 11.06 8.35 11.33
SD 3.91 2.41 3.84 2.66
Retention T5 - Short Delay Mean 2.47 1.06 3.00 1.42
SD 3.16 1.69 2.24 1.82
(T5 - Short Delay)/T5 Mean .215 .088 .293 .109
SD .278 .146 .227 .145
CVLT % calculation Mean 78.47 91.20 70.74 89.12
SD 27.75 14.63 22.71 14.45
An analysis of the short delay recall as compared to the original acquisition of 
Word List Trial 5 was done using a 2 (MS diagnosis) x 2 (Time of Day) x 2 (Delay) 
Mixed Anova. The means and standard deviations are shown in Table 13. A main effect 
was found for Delay F(1, 70)=55.55, p<.001. Significantly more words were recalled at 
time 5 (M=12.14) than at the short delay of List A (M=10.19). A significant interaction 
was also found for Delay x MS diagnosis F(1,70)= 7.87, p<  .01. Post hoc testing with a 
Tukey test showed that control participants recalled more words on the short delay of list
A (M= 11.20) than the multiple sclerosis participants (M=8.97). As expected, it was also
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found that the control participants recalled significantly more words on Trial 5 recall than 
the short delay recall of list A (M= 12.43 vs. M= 11 -98) as did the multiple sclerosis 
participants (M= 11.71 vs. M= 8.97). A further analysis of this interaction showed that 
control participants recalled 3.6% less words at the short delay recall than trial 5 recall as 
compared to the multiple sclerosis participants recalling 23.4% less at the short delay 
recall than trial 5. A 2 (MS diagnosis) x 2 (Time of Day) x 2 (Word List Trial) Mixed 
ANCOVA with age only, education only, and both age/education as covariates did not 
change the pattern of results for the interaction effect of Delay x MS diagnosis but the 
main effect for Delay was no longer significant.
Table 13. California Verbal Learning Test Trial 5 Recall versus Short Delay Recall as a 
Function of Multiple Sclerosis Diagnosis and Time of Day of Testing
Morning
Trial 5 Short Delay
Afternoon 
Trial 5 Short Delay
Multiple Mean 12.06 9.59 11.35 8.35
sclerosis SD 2.05 3.91 2.96 3.84
Controls Mean 12.13 11.06 12.75 11.33
SD 1.89 2.41 2.25 2.66
An analysis of the long delay recall of List A, 25-30 minutes after the last 
immediate recall trial, was examined with a 2 (MS diagnosis) x 2 (Time of Day) Anova. 
The means and standard deviations are presented in Table 14. A main effect for MS 
diagnosis was found F(1, 70)=8.92,p<.01. Control participants (M=l 1.67) recalled 
significantly more words after the long delay than the multiple sclerosis participants 
(M=9.32). A series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run on 
this data with age, education, and age/education as covariates. When education was used
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as a covariate, a similar result was found. When age only and both age/education were
used as covariates the main effect for MS diagnosis was no longer significant.
Table 14. California Verbal Learning Test Long Delay Recall and Long Delay Retention 
as a Function of Multiple Sclerosis Diagnosis and Time of Day of Testing
MS Control MS Control
Morning Morning Afternoon Afternoon
Word Long Delay Recall Mean 9.71 11.62 8.94 11.71
Lists II SD 4.13 1.93 4.22 2.66
CVLT Long delay Mean 79.82 96.46 76.14 92.46
Retention SD 29.60 12.72 23.43 17.17
T5 -  Long Delay Mean 2.35 0.500 2.41 1.04
SD 3.53 1.55 2.48 2.07
(T5 -  Long Mean .202 .035 .239 .075
Delay )/T5 SD .296 .127 .234 .172
Since long-delay memory performance may be influenced by the degree of original 
learning, overall retention was examined in three ways (see Table 14). The first 
calculation compared the difference between trial five recall and long-delay recall for 
each participant and was submitted to a 2 (MS diagnosis) x 2 (Time of Day) Anova. A 
main effect for MS diagnosis was found F(1, 70)=7.57, /?<.01. Multiple sclerosis 
participants (M-2.38) had more forgetting than controls (M=.77). A series of 2 (MS 
diagnosis) x 2 (Time of Day) ANCOVAs were also run on this data with age only, 
education only, and both age/education as covariates, and the pattern of results did not 
change. The second retention method took the difference of trial 5 acquisition minus the 
long delay recall divided by trial 5 acquisition. A 2 (MS diagnosis) x 2 (Time of Day) 
analysis on this calculation showed a main effect for MS diagnosis F( 1, 70)=10.71,
/?< .01, The multiple sclerosis participants (M=-220) experienced significantly more
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forgetting than the control participants (M=.006). A series of 2 (MS diagnosis) x 2 (Time 
of Day) ANCOVAs were also run on this data with age only, education only, and both 
age/education as covariates, and the pattern of results did not change. The third retention 
calculation was suggested by the authors of the CVLT and is computed by dividing Long 
Delay Recall by Immediate Recall (Trial 5) then multiplying by 100 (CVLT Retention).
A 2 (MS diagnosis) x 2 (Time of Day) Anova was run on this calculation and found a 
significant main effect for MS diagnosis F( 1 ,70)=10.71,/?<.01. The control participants 
(M=94.46) had a significantly higher percent retention than the multiple sclerosis 
participants (M=77.98) as calculated on the CVLT. A series of 2 (MS diagnosis) x 2 
(Time of Day) ANCOVAs were also run on this data with age only, education only, and 
both age/education as covariates, and the pattern of results did not change.
An analysis of the short delay recall of List A as compared to the Long Delay 
Recall of List A was done with a 2 (MS diagnosis) x 2 (Time of Day) x 2 (Delay) Mixed 
Anova. The means and standard deviations are presented in Table 15. A main effect was 
found for delay interval F(1, 70)=4.499, p<.05. More words were recalled at the long 
delay interval (M^ 10.59) than at the short delay interval (M= 10.19). A series of 2 (MS 
diagnosis) x 2 (Time of Day) x 2 (Delay) ANCOVAs were also run on this data with age 
only, education only, and both age/education as covariates, and the pattern of results did 
not change.
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Table 15. California Verbal Learning Test Short Delay Recall versus Long Delay Recall 
as a Function of Multiple Sclerosis Diagnosis and Time of Day of Testing
Morning 
Short Delay Long Delay
Afternoon 
Short Delay Long Delay
Multiple Mean 9.59 9.71 8.35 8.94
sclerosis SD 3.91 4.13 3.84 4.22
Controls Mean 11.06 11.62 11.33 11.71
SD 2.41 1.93 2.66 2.66
An analysis of trial 5 acquisition as compared to the Long Delay Recall was done 
using a 2 (MS diagnosis) x 2 (Time of Day) x 2 (Delay) mixed Anova. The means and 
standard deviations are presented in Table 16. A main effect was found for Delay F( 1, 
70)=28.98,/?<.001. As expected, the participants recalled significantly more words at 
trial 5 (M=12.13) than the long delay (M=10.59) of the word lists. There was also an 
interaction between Delay and MS diagnosis F(1, 70)=7.572, /?<.01. Control participants 
recalled significantly more words on the long delay than the multiple sclerosis 
participants (M=l 1.67 vs. M=9.32, respectively). Control participants did not recall 
significantly more words on trial 5 than the multiple sclerosis participants (M=12.44 vs. 
M=11.71, respectively). An analysis of the differences showed that control participants 
significantly recalled 20.1% more than the multiple sclerosis participants on the long 
delay while control participants recalled 5.9% more than the multiple sclerosis 
participants on Trial 5. Multiple sclerosis participants also recalled more words at trial 5 
as compared to their own long delay recall (M=l 1.71 vs. M=9.32), while for controls this 
difference was not significant (M=12.44 vs. M=11.67, respectively). An analysis of the 
differences showed that multiple sclerosis participants recalled 20.35% less at the long 
delay than at trial 5, where as the control participants recalled 6.1% less at the long delay
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than at trial 5. A series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run 
on this data with age only, education only, and both age/education as covariates, and the 
pattern of results did not change.
Table 16. California Verbal Learning Test Trial 5 Recall versus Long Delay Recall as a 
Function of Multiple Sclerosis Diagnosis and Time of Day of Testing
Morning 
Trial 5 Long Delay
Afternoon 
Trial 5 Long Delay
Multiple Mean 12.06 9.71 11.35 8.94
sclerosis SD 2.05 4.13 2.96 4.22
Controls Mean 12.13 11.62 12.75 11.71
SD 1.89 1.93 2.25 2.66
An examination of the perseverations (within trial repetition of a word already 
recalled), intrusions (words recalled that were not read by the examiner), and clusters 
(words in the same category recalled in succession) within each trial recall of the words 
was completed and the means and standard deviations are presented in table 17. A 2 
(MS diagnosis) x 2 (Time of Day) x 5 (trials of words) mixed Anova was conducted for 
individual trial perseverations, intrusions, and clusters. There were no significant effects 
for perseverations (see table 15). A series of 2 (MS diagnosis) x 2 (Time of Day) 
ANCOVAs were also completed on this data with age only, education only, and both 
age/education as covariates, and the pattern of results did not change.
Table 17. California Verbal Learning Test Trial Perseverations as a Function of Multiple 









Word Lists Trial 1 Mean .353 .188 .177 .375
Perseverations SD .606 .403 .529 .647
Trial 2 Mean .706 .563 .764 .792











Trial 3 Mean 1.41 .750 1.41 .958
SD 2.09 1.53 1.80 1.08
Trial 4 Mean 1.12 .750 1.24 1.04
SD 1.54 1.18 1.64 .908
Trial 5 Mean 1.29 1.44 .764 1.08
SD 1.76 1.09 1.30 1.21
A 2 (MS diagnosis) x 2 (Time of Day) x 5 (trials of words) mixed Anova was completed 
for intrusions and a significant main effect was found for Trials on intrusions F(4, 280)= 
5.444,p< .001. A subsequent Tukey test revealed that all participants significantly had 
fewer intrusions as trials increased with mean intrusions of .3378, .2297, .1351, .0946, 
and .0541 for trials one to five respectively. There was also a significant three way 
interaction on Trials x Time of Day x MS diagnosis for intrusions F(4, 280)= 2.901, 
p<.05 (See Table 18). In light of the fact that zero intrusions were observed in five of the 
control cells in Table 18, no further subsequent testing will be conducted. A series of 2 
(MS diagnosis) x 2 (Time of Day) ANCOVAs were also run on this data with age only, 
education only, and both age/education as covariates, and the pattern of results did not 
change.
Table 18. California Verbal Learning Test Trial Intrusions as a Function of Multiple 









Word Lists Trial 1 Mean .412 .188 .118 .542
Intrusions SD .618 .403 .332 .721
Trial 2 Mean .177 0 .412 .292











Trial 3 Mean .294 .063 .235 0
SD .470 .250 .437 0
Trial 4 Mean .235 0 .118 .042
SD .562 0 .332 .204
Trial 5 Mean .059 0 .177 0
SD .243 0 .393 0
A 2 (MS diagnosis) x 2 (Time of Day) x 5 (trials of words) mixed Anova on clusters 
showed a significant main effect for Trial F(4, 280)= 30.889, p <.001 (see table 19). Upon 
further examination this effect revealed that clustering significantly increased as trials 
increased with mean clusters of 1.7, 2.86, 3.37, 4.12, and 4.62 for trials one to five 
respectively. A series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run 
on this data with age, education, and age/education as covariates. When age and 
education were used as covariates, similar results were found. When age/education was 
used as a covariate, no significant effects were found.
Table 19. California Verbal Learning Test Trial Clusters as a Function of Multiple 
Sclerosis Diagnosis and Time of Day of Testing
MS Control MS Control
Morning Morning Afternoon Afternoon
Word Lists Trial 1 Mean 1.29 1.81 1.82 1.83
Clusters SD 1.69 1.76 1.67 1.40
Trial 2 Mean 2.47 2.81 2.88 3.17
SD .943 1.87 2.32 2.97
Trial 3 Mean 2.94 3.19 3.53 3.71
SD 2.11 2.90 3.37 2.74
Trial 4 Mean 4.24 3.75 4.11 4.29
SD 2.84 3.34 2.74 2.97
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Table 19. cont’d
MS Control MS Control
Morning Morning Afternoon Afternoon
Trial 5 Mean 5.06 3.81 4.06 5.25
SD 2.77 3.25 3.34 3.48
An analysis of the total Perseverations, Intrusions, and Clusters across all trials 
was calculated by adding immediate, short delay, and long delay perseverations, 
intrusions, and clusters within the CVLT recalls, was done with a series of 2 (MS 
diagnosis) x 2(Time of Day) Anovas. The means and standard deviations are presented 
in Table 20. A significant main effect was found for MS diagnosis F( \ , 70)=6.518, 
p<.05 on total number of intrusions. The control participants (M= 1.99) had significantly 
less intrusions than the multiple sclerosis participants (M=4.0). A series of 2 (MS 
diagnosis) x 2 (Time of Day) ANCOVAs were also run on this data with age, education, 
and age/education as covariates. When age and education were used as covariates a 
similar main effect of MS diagnosis was found; however, when age/education was used 
as a covariate, no significant effects were found. A 2 (MS diagnosis) x 2 (Time of Day) 
Anova was conducted on Total Perseverations and Clusters and showed no significant 
effects. A series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run on this 
data with age only, education only, and both age/education as covariates, and the pattern 
of results did not change.
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Table 20. California Verbal Learning Test Total Perseverations, Intrusions, and Clusters 









Total Mean 6.41 4.88 5.53 5.33
Perseverations SD 4.86 3.81 4.91 3.86
Total Intrusions Mean 3.82 1.81 4.17 2.17
SD 5.04 1.97 3.80 1.95
Total Clusters Mean 26.76 25.94 26.12 32.58
SD 13.94 17.22 17.96 17.09
An analysis of the number of words correctly recognized after a delay was done 
with a 2 (MS diagnosis) x 2 (Time of Day) Anova. The means and standard deviations 
are presented in Table 21. A significant main effect was found for MS diagnosis F( 1, 
70)=8.759,^<.01. The control participants (M=14.91) recognized significantly more 
words than the multiple sclerosis participants (M=13.77). A series of 2 (MS diagnosis) x 
2 (Time of Day) ANCOVAs were also run on this data with age only, education only, and 
both age/education as covariates, and the pattern of results did not change. Within the 
recognition paradigm a series of originally presented words, words from the distractor list 
(List B), and words that were not originally presented are introduced and the total number 
of incorrect words endorsed (false positives) by the participant are totaled. An analysis 
of the false positives was done with a 2 (MS diagnosis) x 2(Time of Day) Anova. No 
significant effects were found. A series of 2 (MS diagnosis) x 2 (Time of Day) 
ANCOVAs were also run on this data with age only, education only, and both 
age/education as covariates, and the same pattern of results were found.
93
Table 21. California Verbal Learning Test Recognition and False Positives as a Function 
of Multiple Sclerosis Diagnosis and Time of Day of Testing
MS Control MS Control











Recognition false Mean 1.06 .875 1.65 1.25
positives SD 1.30 1.09 1.77 1.92
Weschler Memory Scale-Ill Logical Memory
The number of story idea units (actual ideas that were presented to the participant) 
recalled and the number of thematic units (gist ideas recalled) recalled were computed for 
each recall and the means and standard deviations are presented in Table 22.
Table 22. Weschler Memory Scale-Ill Logical Memory I and II Subject Units as a 









Logical Story A (su) Mean 13.59 13.88 11.91 13.75
Memory I SD 3.53 3.81 5.04 3.54
Story B (su) Mean 11.97 13.00 11.91 12.56
SD 3.20 3.92 3.13 3.25
Logical Story A (su) Mean 11.15 11.13 8.91 11.81
Memory II SD 3.35 4.49 5.01 3.93
Story B (su) Mean 10.00 10.28 8.59 11.15
SD 2.81 3.85 3.52 4.21
These data were subjected to a 2 (MS diagnosis) x 2(Time of Day) x 2 (Story A vs. Story 
B) x 2 (Delay) Mixed Anova. A main effect for Story F(\, 70)=4.586,/?<.05 was found. 
Significantly more story units were recalled from Story A (M=12.02) than on Story B 
(M=l 1.18). A main effect was found for Delay F( 1, 70)= 118.17, p<.001. More story
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units were recalled for Immediate recall (M=12.82) than for Delayed recall (M=l 0.38) 
after a 25-30 minute delay. There was an interaction for MS diagnosis x Time of Day x 
Delay F(\, 70)=5.01,p<.05 (see Table 23). An analysis of differences showed that 
multiple sclerosis participants in the morning recalled 6.8% more story units immediately 
after initial presentation of the stories than the multiple sclerosis participants tested in the 
afternoon while the control participants tested in the morning recalled 2.1% more story 
units immediately after initial presentation than the control participants tested in the 
afternoon. The multiple sclerosis participants tested in the morning also recalled more 
story units after a delay than the multiple sclerosis participants tested in the afternoon 
(17.2%) while the control participants tested in the morning recalled 6.7% fewer story 
units after a delay than the control participants tested in the afternoon. The size of the 
group differences in the morning was much smaller.
Table 23. Weschler Memory Scale-Ill Logical Memory I and II Total Recall Subject 
Units as a Function of Multiple Sclerosis Diagnosis and Time of Day of Testing
MS Control MS Control
Morning Morning Afternoon Afternoon
Logical Immediate Mean 25.59 26.88 23.82 26.31
Memory Recall SD 5.85 7.53 7.49 5.67
Delay Mean 21.15 21.41 17.50 22.96
Recall SD 5.39 7.89 7.84 6.61
A series of 2 (MS diagnosis) x 2(Time of Day) x 2 (Story A vs. Story B) x 2 (Delay) 
Mixed ANCOVAs were also run on this data with age only, education only, and both 
age/education as covariates and when each of the covariates were used the main effect of 
Story became non-significant while the main effect of Delay remained significant. 
Additionally, when age only and education only were used as covariates, the significant
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interaction effect of MS diagnosis x Time of Day x Story x Delay, did not change; 
however, when both age/education were used as covariates the interaction effect was 
non-significant (F(l, 68)=3.44,/?<.068). A similar analysis for recall of thematic units 
showed a significant main effect for Story F(1, 68)=4.179,/?<.05. Again, the means and 
standard deviations are shown in Table 24. Significantly more thematic units were
recalled at the recall of Story B (M=5.85) than at recall of Story A (M=5.52). A main 
effect was found for Delay F(1, 70)=22.49, /?<.001. More thematic units were recalled 
for Immediate recall (M=5.91) than for Delayed recall (M=5.46). A series of 2 (MS 
diagnosis) x 2(Time of Day) x 2 (Story A vs. Story B) x 2 (Delay) Mixed ANCOVAs 
were also run on this data with age only, education only, and both age/education as 
covariates, and when each of the covariates were used the main effect for Story and the 
main effect for Delay became non-significant.
Table 24. Weschler Memory Scale-Ill Logical Memory I and II Thematic Units as a 









Logical Story A (tu) Mean 5.82 5.50 5.53 6.00
Memory I SD 1.19 1.32 1.37 1.32
Story B (tu) Mean 6.24 6.25 5.82 6.08
SD 1.15 1.53 1.24 1.53
Total (tu) Mean 12.06 11.75 11.35 12.08
SD 1.92 2.67 2.12 2.55
Logical Story A (tu) Mean 5.59 5.19 4.94 5.63
Memory II SD 1.12 1.76 1.85 1.50
Story B (tu) Mean 6.00 5.56 5.06 5.75
SD 1.22 1.71 1.48 1.80
Total (tu) Mean 11.59 10.75 10.00 11.38
SD 1.70 3.28 2.62 2.72
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Again, as was done with the word lists, an analysis was conducted to account for 
original acquisition of the story to compare to the delay. Three retention measures were 
calculated. The first measure was the difference between original acquisition and 
delayed recall (A -  Delay) (see Table 25). A second measure was computed by dividing 
this difference score by the immediate recall score ({A -  Delay}/ A). These calculations 
were done for recall of story units and thematic units for each story. Also, an analysis of 
the retention as calculated on the WMS-III [(Delay Recall Story A + B/ Story A + Story 
B)*100] was done. A series of 2 (MS diagnosis) x 2 (Time of Day) x 2 (Story) mixed 
Anovas were run on this data. No significant effects were observed for the story or 
thematic units on either of the two retention measures that accounted for original learning 
(A -  Delay) to (B -  Delay) or (A -  Delay) / A to (B -  Delay) / B across story. A series of 
2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run on this data with age only, 
education only and both age/education as covariates. When education only and both 
age/education were used as covariates a significant main effect was found for Story when 
comparing story units (A -  Delay) / A to (B -  Delay) / B, F(1, 66)=4.133,p<.05. More 
story units were retained for Story A (M=. 169) after the long delay than for Story B 
(M=.200). When age was used as a covariate no significant effects were found. A series 
of 2 (MS diagnosis) x 2 (Time of Day) x 2 (Story) mixed Anovas were run on the WMS- 
III retention measures. No significant effects were found on the WMS-III retention 
measure for story units. A series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs 
were also run on this data with age only, education only, and both age/education as 
covariates, and the pattern of results did not change. A series of 2 (MS diagnosis) x 2
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(Time of Day) x 2 (Story) mixed Anovas were also run on the thematic units with the 
WMS-III retention calculation. A significant interaction was found on Time of Day x 
MS diagnosis F(1, 70)=4.359,/j<.05. Multiple sclerosis participants in the morning 
(M=96.85) retained significantly more thematic units than multiple sclerosis participants 
in the afternoon (M=87.98) and control participants tested in the morning (M=89.53). An 
analysis of the differences showed that the size of the time of day difference for multiple 
sclerosis participants was 9.0% while the size of the time of day effect for control 
participants was 5.7%. Looking at the morning versus the afternoon analysis, the 
multiple sclerosis participants tested in the morning retained 7.5% more of the thematic 
units than the control participants tested in the morning. There was a reverse finding in 
the afternoon where the control participants retained 7.4% more thematic units than the 
multiple sclerosis participants. A series of 2 (MS diagnosis) x 2 (Time of Day) 
ANCOVAs were also run on this data with age and age/education as covariates and the 
pattern of results did not change. An examination when education was used as a 
covariate found that the interaction discussed above approached significance F(\, 
69)=3.693,/?<.059.
Table 25. Weschler Memory Scale-Ill Retention and Recognition Scores as a Function of 









Retention WMS-III (su) Mean 82.69 77.44 75.74 86.69
calculation SD 9.70 16.86 31.20 12.90
WMS-III (tu) Mean 96.85 89.53 87.98 95.05
calculation SD 9.57 16.87 14.99 15.66
Story Units A - Delay Mean 2.50 2.75 3.09 1.94











A - Delay/A Mean .1850 .2344 .0956 .1568
SD .1284 .2206 .9286 .1581
Thematic A - Delay Mean .2500 .3125 .5625 .3450
Units SD .8564 .8732 1.32 .7697
A - Delay/A Mean .0268 .0798 .0960 .0714
SD .1648 .2600 .2736 .1607
Story Units B - Delay Mean 2.09 2.72 3.40 1.42
SD 1.65 2.52 2.18 2.67
B - Delay/B Mean .1698 .2122 .2940 .1229
SD .1192 .1836 .1826 .2348
Thematic B - Delay Mean .3125 .6875 .7500 .3333
Units SD .8732 1.078 1.183 1.579
B - Delay/B Mean .0372 .1054 .1202 .0288
SD .1541 .1574 .1938 .2742
Recognition Mean 25.18 25.94 23.18 25.75
SD 2.32 2.52 3.91 2.95
An analysis of the number of story units correctly recognized after a delay was 
done with a 2 (MS diagnosis) x 2 (Time of Day) Anova and showed a main effect for MS 
diagnosis F(1, 70)=5.602, p<.05. The means and standard deviations are shown in Table 
25. Control participants (M=25.8) recognized significantly more story units than the 
multiple sclerosis participants (M=24.2). A series of 2 (MS diagnosis) x 2 (Time of Day) 
ANCOVAs were also run on this data with age, education, and age/education as 
covariates. When education was used as a covariate a similar result was found. When
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age and age/education were used as covariates the main effect of MS diagnosis was not 
observed.
Weschler Memory Scale-Ill Visual Reproductions
The total scores of each of the designs reproduced was computed at the immediate 
test and the delayed test for each participant. The means and standard deviations are 
presented in Table 26. A 2 (MS diagnosis) x 2(Time of Day) x 2 (Delay) Mixed Anova 
was completed. A significant main effect was found for Delay F(4, 280)=152.24, 
pc.OOl. Significantly more of the designs were reproduced at the Immediate test 
(M=83.58) than the Delay test (M=63.46). A significant interaction effect was found for 
Time of Day x Delay F(4, 280)=4.195,p<.05. Significantly more designs were correctly 
reproduced at the Immediate than the Delay recall for both the morning (Mim=83.13 vs. 
Mde=66.52) and afternoon (Mim=83.03 vs. Mde=59.82) participants. There were also 
more designs recalled in the morning (M=66.52) than the afternoon (M=59.82) for the 
Delay recall. An analysis of the differences showed that participants tested in the 
morning constructed 20% less of the designs after a delay, while participants tested in the 
afternoon constructed 30% less of the designs after a delay. When analyzing the time of 
day differences within the immediate recall, participants in the morning constructed .1% 
more of the design than the participants in the afternoon, while on the delay recall, 
participants in the morning recalled 10.1% more of the designs than participants in the 
afternoon. A significant interaction was also found for MS diagnosis x Delay F(4, 
280)=5.114,/?<.05. Significantly more designs were reproduced at the Immediate than 
the Delay recall for both the multiple sclerosis participants (Mim=78 vs. Mde=54.44) and 
control participants (Mjm=88.16 vs. Mde=71.9). There were also more designs reproduced
1 0 0
by the control participants than the multiple sclerosis participants for both immediate
(Mc=88.16 andJVb=78Ms) and delay (M=71.9c and M = 5 4 .4 4 ms) test. An analysis of the
differences showed that multiple sclerosis participants recalled 30.2% less after a delay
while control participants recalled 18.4% less after a delay. When analyzing the group
differences within the immediate recall, multiple sclerosis participants recalled 11.5%
less than the controls on the immediate recall of the designs. When looking at recall after
a delay, multiple sclerosis participants recalled 24.3% less than the controls. A 2 (MS
diagnosis) x 2(Time of Day) x 2 (Delay) Mixed ANCOVA was completed with education
as a covariate and similar results were found. When age and age/education were used as
covariates, only the interaction of Delay x Time of Day remained significant.
Table 26. Weschler Memory Scale-Ill Visual Reproduction I and II Scores as a Function 









Visual Total Mean 78.94 87.31 77.06 89.00
Reproduction I SD 10.74 9.03 15.92 10.71
Visual Total Mean 57.29 75.75 51.59 68.04
Reproduction II SD 15.62 20.61 25.68 19.11
Again, as was done with the word lists and prose, an analysis was conducted to 
account for original memory of the design to compare to the delay. Three retention 
measures were calculated. The first set of computations of retention was the original 
acquisition of total designs minus the Delay of the total designs (Imm -  Delay) (see Table 
27). The second set of retention measures were then computed by dividing the original 
acquisition of total designs minus the Delay of the total designs (Imm -  Delay) by the 
original acquisition of the total designs ((Imm -  Delay) /Imm). Also, an analysis of the
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retention as calculated on the WMS-III [(Imm/ Delay)* 100] was done. A series of 2 (MS 
diagnosis) x 2 (Time of Day) Anovas were run on this data. A significant main effect for 
Time of Day F(l, 70)=4.195,/K.05 was found on the original acquisition of total designs 
minus the delay of the total designs (Imm -  Delay) calculation. Significantly more of the 
designs were retained in the morning (M=16.61) than the afternoon (M=23.21). A main 
effect was also found for MS diagnosis F(\, 70)=5.114,/?<.01. Also, significantly more 
of the designs were retained by the control participants (M=l 6.26) than the multiple 
sclerosis participants (M=23.56). A series of 2 (MS diagnosis) x 2 (Time of Day) 
ANCOVAs were also run on this data that showed similar significant main effects for 
Time of Day and MS diagnosis when education only was used as a covariate. When age 
only and age/education was used as a covariate, only the main effect of Time of Day was 
significant. A significant main effect for Time of Day F(\, 70)=4.346,/><.05 was found 
on the original acquisition of total designs minus the delay of the total designs divided by 
the original acquisition of total designs (Imm -  Delay)/Imm calculation. Significantly 
more of the designs were retained in the morning (M=-211) than the afternoon (M=.301). 
A main effect was also found for MS diagnosis F(1, 70)=8.655,/?<.01. Also, 
significantly more of the designs were retained by the control participants (M=.193) than 
the multiple sclerosis participants (M=-319). A series of 2 (MS diagnosis) x 2 (Time of 
Day) ANCOVAs were also run on this data that showed similar significant main effects 
for Time of Day and MS diagnosis when education only was used as a covariate. When 
age only and both age/education were used as covariates, only the main effect of Time of 
Day was significant. A significant main effect for Time of Day F(\, 70)=4.346, p<. 05 
and a significant main effect of MS diagnosis F(1, 70)=8.655,p<.01 were found on the
1 0 2
WMS -  III calculation. Significantly more of the designs were retained in the morning
(M=78.86) than the afternoon (M=69.91). Also, significantly more of the designs were
retained by the control participants (M=80.7) than the multiple sclerosis participants
(M=68.07). A series of 2 (MS diagnosis) x 2 (Time of Day) ANCOVAs were also run on
this data that showed similar significant main effects for Time of Day and MS diagnosis
when age only and education only were used as covariates. When both age/education
was used as a covariate, only the main effect of Time of Day was significant.
Table 27. Weschler Memory Scale-Ill Visual Reproduction Recognition and Retention as 
a Function of Multiple Sclerosis Diagnosis and Time of Day of Testing
MS Control MS Control
Morning Morning Afternoon Afternoon
Visual Recognition Mean 43.12 44.94 42.12 44.63
Reproductions SD 3.35 2.52 3.74 2.68
Retention WMS-III Mean 72.05 85.66 64.08 75.74
calculation SD 13.53 18.79 22.30 17.57










Imm - Mean .280 .143 .359 .243
Delay/Imm SD .135 .188 .223 .176
An analysis of the number of designs correctly recognized after a delay was 
completed with a 2 (MS diagnosis) x 2 (Time of Day) Anova and showed a significant 
main effect for MS diagnosis F(1, 70)=8.898,/><.01. The means and standard deviations 
are shown in Table 27. Control participants (M=44.78) recognized significantly more 
designs than the multiple sclerosis participants (M=42.62). A series of 2 (MS diagnosis) x 
2 (Time of Day) ANCOVAs were also run on this data that showed the same significant
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main effect for MS diagnosis when education only was used as a covariate. When age 




The primary result of this study was the absence of significant differences 
between the multiple sclerosis participants and controls on many of the 
neuropsychological tests. All of our multiple sclerosis participants were high functioning 
in that they transported themselves to the lab for testing. The literature suggests it is 
common to not find glaring differences between multiple sclerosis participants and 
controls across many neuropsychological tasks. There are other studies, such as Ruchkin, 
et al (1994) that similarly found weak group differences that approached significance on 
Logical Memory, Visual Paired Associates, and Visual Reproductions between multiple 
sclerosis participants and controls.
As was addressed in the results section, the morning multiple sclerosis 
participants were found to have significantly more education and less difficulty with 
mobility symptoms than multiple sclerosis participants in the afternoon. The implications 
of this finding will be discussed below.
It was not surprising to find that participants with multiple sclerosis identified 
more depressive symptoms than the control group since much of the literature suggests 
that multiple sclerosis patients do experience some emotional change (Ron, 1986; Davis, 
Pavlou, & Hartings, 1978). Interestingly, although the multiple sclerosis participants 
reported more symptoms related to depression, the group average scores on both the Beck
105
Depression Inventory and the Geriatric Depression Scale were within the normal clinical 
range (0-9 on the BDI and 0-10 on the GDS) of depressive symptoms.
Examining the language results of the Boston Naming Test and the Controlled 
Oral Word Association Test, the multiple sclerosis participants again performed 
comparably to the control participants, which is typically the opposite result found in the 
literature. As mentioned above, the literature suggests that accessing long-term memory 
for information is often an effortful task for MS patients and may contribute to prose 
memory or word memory deficits (Rao et al., 1989; Beatty & Monson, 1988; Rao,
1986); however, these tasks may have been too easy for the multiple sclerosis participants 
in the present study or the participants may have been a more higher functioning group 
than those commonly tested in previous studies. Regarding short-term memory, our 
results are similar to other studies that have found MS patients perform comparably to 
controls on the Digit Span test (Litvan et al., 1988; Rao, Leo, & St. Aubin-Faubert,
1989).
Although there were many similarities between groups, there were some notable 
differences. As was suggested in the hypothesis of this study, multiple sclerosis 
participants tested in the afternoon did not perform as quickly as the multiple sclerosis 
participants tested in the morning or the control participants tested in the afternoon on 
mental control tasks (e.g. saying the months of the year, counting); however the multiple 
sclerosis participants tested in the morning performed comparably to the control 
participants tested in the morning. Although there were significant differences, both 
groups were less than a point from the maximum possible on the orientation tasks, which 
would not be considered clinically significant.
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On the CVLT, a time of day effect approached significance on initial recall of the 
five trials of words. The difference between multiple sclerosis participants and control 
participants was smaller in the morning than it was in the afternoon. Multiple sclerosis 
participants were also found to recall less words on the distractor list (List B), forget 
more words on the short and long delay, and recognize fewer words than the control 
participants did. This study was consistent with other studies in that the rate of 
improvement for multiple sclerosis participants across the five trials was similar to that of 
the patient control participants (Rao, et al., 1984). As was discussed in the literature 
review, not all studies have found significant differences between controls and MS 
patients on both immediate and delayed recall of word lists (Rao et al., 1989). When 
comparing the studies that have mixed results, there does not appear to be obvious 
differences between method or samples used in the studies.
Overall, there was no significant time of day or group effect observed on the 
prose memory task when the covariates were used; however, there was an interaction 
effect that was significant when age only and education only were used as covariates and 
approached significance at p<.01 when age/education were used as covariates. This 
trend suggests that multiple sclerosis participants recalled more story units after a delay 
in the morning than in the afternoon, which is consistent with the hypothesis of this 
study. As the literature suggests, often there are mixed results as to the findings and 
causes for memory impairments in the multiple sclerosis population (Minden, et al.,
1990; Ruchkin, et al., 1994). The results of the current study are similar to that found by 
Goldstein, Mckendall, and Haut (1992) who also examined prose recall memory in MS 
patients. Both groups were found to do better on the immediate task than the delay
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condition. Both groups also had a similar rate of forgetting across idea units as studied 
by examining idea units retained in the delay condition from those recalled at the 
immediate condition. The current study is also very similar to the above mentioned study 
by Lokken, Ferraro, Petros, Bergloff, Thompson, and Teetzen (1999) that found MS 
individuals had better immediate recall than delayed; however the aforementioned studies 
did find a significant main effect of multiple sclerosis, which was not found in this study. 
A possible explanation for the lack of finding a main effect of multiple sclerosis could be 
related to the relatively high level of education of the multiple sclerosis participants in 
this study (M=15.12) as compared to the Goldstein et al. (1992) study (M=13.30) and the 
Lokken et al. (1999) study (M= 14.20).
Regarding the visual memory results, it was not surprising to find that both groups 
of participants reproduced significantly more designs at the immediate recall than the 
delay recall; however, when the participants were tested in the morning they reproduced 
significantly more of the designs after a delay than the participants tested in the 
afternoon. This study also found time of day effects regardless of group on the retention 
of visual designs. Consistently across measures and utilizing analyses of covariance of 
retention, the designs were better retained in the morning than the afternoon.
Regarding the sleep data, no significant effects were found between multiple 
sclerosis participants across time of day. It is difficult to say if either group of multiple 
sclerosis participants had sleeping difficulties as compared to controls due to protocol 
changes that caused control participants to not be administered the sleep measures. One 
strength of the current study was the utilization of multiple sleep inventories that looked 
at more than simply one or two dimensions of sleep. It has been suggested that studies
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should be conducted with multiple sclerosis samples that utilize assessment tools that 
quantify multidimensional sleep variables (Leo et al., 1991; Saunders et ah, 1991). Some 
studies have used assessment tools that measure multiple issues related to multiple 
sclerosis along with sleeping difficulties (e.g. MMPI, Clarke, et ah, 1992) it has been 
suggested that the lack of using assessment tools that have been created to solely measure 
sleep variables is problematic (Leo et ah study, 1991; Saunders et ah, 1991).
One explanation for the results found could be that this study may be one of the 
few that have studied multiple sclerosis patients that were not referred for cognitive 
testing as a result of cognitive decline related to an exacerbation or progression of the 
disease. It is possible that the participant may have been seeking medical services 
concurrently with participation in this study unbeknownst to the examiner; however, no 
medical services were provided at the time of the cognitive examination. Paty, Poser, & 
Shapiro (1989) have commented on a confound within the MS literature that suggests 
only the more severely affected individuals have been studied due to that group seeking 
medical explanation or treatment for the patient’s exacerbations. This study may do a 
better job of representing the mild to moderate group of multiple sclerosis patients that 
may not seek as many services nor show as severe of impairments.
An alternative explanation for the findings of this study could be the high age and 
education scores of the multiple sclerosis participants. This group was significantly more 
educated than the control participants so any possible diagnosis or time of day differences 
could have been masked by this discrepancy in education scores. Time of day effects 
may be more evident with a group of participants more closely matched on age and 
education. The majority of the group of multiple sclerosis participants were also very
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healthy and identified symptoms in the lower range of the total possible as measured by 
the Multiple Sclerosis Quality of life inventory (range 0-91). Time of day may moderate 
disease-related differences if there was a higher severity of symptoms within the 
population.
One limitation of the present study was the fact the groups were confounded on 
age and education. Multiple sclerosis participants in the present study had significantly 
higher age and substantially more education than the control participants. Although 
covariates were used, perhaps the size of the time of day differences was underestimated 
in the present study. If age and education were equivalent in the two groups, time of day 
may have had a more powerful role in moderating the size of the MS diagnosis 
differences found.
Another limitation of this study regards generalizability of the current results to 
the group of multiple sclerosis patients and involves the over representation of female 
multiple sclerosis participants. In the general population the ratio of male to female 
participants in research is l:1.7(Rao, 1986), this study had a ratio of 1:3.
One limitation of the present study was the absence of any measurement of time 
of day preferences as used in previous examinations of the impact of time of day on 
cognitive performance (Anderson et al., 1991; Petros et al, 1990). It is possible that 
participants may have self-selected (multiple sclerosis and controls) their preferred time 
of day in the sign-up process. This suggests that individuals may have been tested at 
their optimal time of day, which could minimize any time of day effects on memory.
The literature examining the impact of time of day on cognitive functioning of 
persons with multiple sclerosis is nonexistent and may show exactly what was found in
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this study, a mixed pattern of results. Subsequent work needs to continue to examine the 
moderating effect of time of day on multiple sclerosis in order to build on the data 
necessary to make clinical and research conclusions regarding time of day of testing on 
multiple sclerosis patients. Perhaps time of day may moderate the size of multiple 
sclerosis induced neuropsychological impairment, when the patient is more severely 
disabled by the disease.
If there are specific tasks moderated by time of day, it is imperative in the applied 
setting to account for possible factors influencing memory and general cognitive 
performances. It is also very important to look at disease states combined with time of 
day because of the high number of patients coming in with comorbid states. The 
implications of this line of research are important for practitioners called upon to evaluate 





Geriatric Depression Scale-Long Form
1 Are you basically satisfied with you life? Yes No
2 Have you dropped many of your activities and interests? Yes No
3 Do you feel that your life is empty? Yes No
4 Do you often get bored? Yes No
5 Are you hopeful about the future? Yes No
6 Are you bothered by thoughts you cannot get out of your head? Yes No
7 Are you in good spirits most of the time? Yes No
8 Are you afraid something bad is going to happen to you? Yes No
9 Do you feel happy most of the time? Yes No
10 Do you often feel helpless? Yes No
11 Do you often get restless and fidgety? Yes No
12 Do you prefer to stay home rather than go out and do new things Yes No
13 Do you frequently worry about the future? Yes No
14 Do you feel you have more problems with memory than most? Yes No
15 Do you think it is wonderful to be alive now? Yes No
16 Do you often feel downhearted and blue? Yes No
17 Do you feel pretty worthless the way you are now? Yes No
18 Do you worry a lot about the past? Yes No
19 Do you find life very exciting? Yes No
20 Is it hard for you to get started on new projects? Yes No
21 Do you feel full of energy? Yes No
22 Do you feel that your situation is hopeless? Yes No
23 Do you think that most people are better off than you are? Yes No
24 Do you frequently get upset about little things? Yes No
25 Do you frequently feel like crying? Yes No
26 Do you have trouble concentrating? Yes No
27 Do you enjoy getting up in the morning? Yes No
28 Do you prefer to avoid social gatherings? Yes No
29 Is it easy for you to make decisions? Yes No
30 Is you mind as clear as it used to be? Yes No
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Appendix 2
Epworth Sleepiness Scale (Johns, 1991)
Name:
Today's Date;___________________ Your age (years) ________________________
Your sex (male = M; female = F)____________________________________________
How likely are you to doze off or fall asleep in the following situations, in contrast to 
feeling just tired? This refers to your usual way of life in recent times. Even if you have 
not done some of these things recently try to work out how they would have affected yo 
Use the following scale to choose the most appropriate number for each situation:
0 = would never dose
1 = slight chance of dozing
2 = moderate chance of dozing
3 = high chance of dozing
Situation Chance of dozing
Siting and reading _______________
Watching TV _______________
Sitting, inactive in a public place (e.g. a theater or a meeting __________ ____
As a passenger in a car for an hour without a break _______________
Lying down to rest in the afternoon when circumstances permit_______________
Sitting and talking to someone _______________
Sitting quietly after a lunch without alcohol _______________
In a car, while stopped for a few minutes in the traffic _______________
Thank you for your cooperation
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Acute Sleep Questionnaire-Adults
We want you to respond to this questionnaire to the best of your knowledge. The 
questionnaire will ask about the quality of your sleep last night.
1. What time did you go to bed last night? (hours: minutes)_____: _______
2. How long did it take you to fall asleep last night? (hours: minutes)_____: ___
3. How many times did you wake up during the night last night? (write “0” for none)
If you awoke, what was the total time you spent awake?
(hours: minutes)_____: ______
4. How many dreams do you remember having last night?
(write “0” for none)_______
Appendix 3
5. How would you rate the quality of last night’s sleep for you? 
(draw an “x” through the line below)
Very Peaceful 




5. What time did you wake up this morning? (hours: minutes)
6. How many times did you nap during the day yesterday?
(write “0” for none)_______
If you napped, what was the total time you spent napping? 
(hours: minutes)_____: ______
7. Compared to usual, how rested did you feel this morning when you got up? 
(draw an “x” through the line below)
Much Worse 1 _1 | 1 1 Much Better




Multiple Sclerosis Quality of Life Inventory
Name/Subject b_________________________________________
Age: __________________________________  Education__________
Following are a number of questions addressing each aspect that concerns persons affected with 
multiple sclerosis. Please answer each as applicable to you.
Mobility
During the past 7 days, indicate how true each statement has been for you.
Not at a little some- quite very
all bit what a bit much
1. Because of my physical condition, I have trouble meeting 
the needs of my family..................................................................... 0 i 2 3 4
2. I am able to work (include work in home).................................... 0 i 2 3 4
3. I have trouble walking........................................................................ 0 i 2 3 4
4. I have to limit my social activity because of my condition........ 0 i 2 3 4
5. My legs are strong............................................................................ 0 i 2 3 4
6. I have trouble getting around in public places............................. 0 i 2 3 4
7. I have to make plans around my condition................................... 0 i 2 3 4
Modified Fatigue Scale






1. I have been less alert........................................................................ 0 i 2 3 4
2. I have been limited in my abilities to do
things away from home.................................................................... 0 i 2 3 4
3, I have had trouble maintaining physical
effort for long periods........................................................................ 0 1 2 3 4
4. I have been less able to complete tasks
that require physical effort............................................................... 0 i 2 3 4
5. I have had trouble concentrating................................................... 0 i 2 3 4
Bladder Control Scale






1. Lost control of your bladder or had an accident?........................ 0 i 2 3 4
2. Almost lost control of your bladder or had an accident?........... 0 i 2 3 4
3. Altered your activities because of bladder problems?................ 0 i 2 3 4
4. During the past 4 weeks, how much have bladder problems restricted your overall lifestyle? 
Not at all
0 2  3 4 5 6  7 8 9 10
Severely
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Impact of Visual Impairment Scale 






1. Read or access personal letters or notes..................................... 0 i 2 3 4
2. Read or access printed material, such as books
magazines, newspapers, etc.?....................................................... 0 i 2 3 4
3. Read or access dials, such as on stoves, thermostats, etc.?.. 0 i 2 3 4
4. Watch television or identify faces from a distance..................... 0 i 2 3 4
5. Identity house numbers, street signs, etc.?................................ 0 i 2 3 4
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